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Health is an important indicator of the quality oflife (The World Bank, 1999). 
Enjoying good health, and enjoying high-quality oflife are dreams of everyone. How to 
achieve these dreams, however, is not easy. Some suggest that investment in the health care 
system would help. Others find the health system response inadequate and recommend social 
and economic investments. What is the best use of our resources to achieve better health? 
Let's look at the health situation in the United States in the last decade to begin to answer this 
question. 
The U.S. Health Situation 
The United States remains the most generous investor in health among the world in 
the last decades (National Center for Health Statistics, 2002a). The health expenditures of the 
United States was$ 4,093 per capita in 1999, almost two times the expenditures of Japan, 
and seven times the expenditures of Isreal (Table 1.1). However, the most generous 
investment in health didn't result in the best health outcomes. Several health indicators such 
as death rates and life expectancy at birth don't favor the U. S. 
Let's look at the death rates in the U.S. first. An upward trend can be detected for the 
death rate per 100,000 population in the U.S in the last decade (Figure 1.1). In 2000, the U.S. 
crude death rate was 871per100,000 population (National Center for Health Statistics, 
2 
2002b). This rate shows a slight decrease (0.4 percent) from 1999 (877 per 100,000 
population). However, the rate in 2000 is higherthan in previous years of 1990 (864 per 
100,000 population), 1991 (860.3 per 100,000 populations), 1992 (852.9 per 100,000 
population), 1997 (864.7 per 100,000 populations), and 1998 (864.7 per 100,000 population) 
(National Center for Health Statistics, 2002b ). 
The average life expectancy at birth was 7 6 years for Americans in 1997 (The World 
Bank, 1999). At least 18 countries with populations of 1 million or more have life 
expectancies greater than the U.S. (The World Bank, 1999; Healthy People 2010, 2002) 
(Table 1.1 ). None of the 18 nations had larger health expenditures per capita than the US in 
1997 (The World Bank, 1999). For example, Japan has the longest life expectancy at birth in 
the world (The World Bank, 1999), but much lower health expenditures per capita compared 
to the U.S. Japan's total health expenditures per capita in 1998 was $1,795, about 60 percent 
less than that of the US (National Center for Health Statistics, 2002a). Figure 1.2 offers a 
comparison of health expenditures between Japan and the U.S. from 1990 to 1999. The chart 
shows a large gap in health expenditure between the U.S. and Japan; a gap that gets larger 
after 1995. The discrepancies in health expenditure and life expectancy between the US and 
the 18 industrial nations urge us to ask a question: why is investment in health care and 
health facilities unable to improve the health situation in America effectively? Answers may 
vary. But one possible answer may be that the determinants of health go far beyond the 
health care system. Evans' health model (1994) theorizes a variety of other factors that 
influence health. A close examination of this model (1994) may shed light on how to 
improve the health situation in the United States. 
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Figure 1.1. Crude Death Rate per 100,000 Population in U.S. 1990 to 2000 
Source: National Center for Health Statistics. 2002b. Deaths: Final Data for 2000. National Vital Statistics 
Report, 50(15). 
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Table 1.1. National Comparison of Life Expectancy and Health Expenditures. 
Health Expenditure 
Countries Life Expectancy 
Total% of GDP Per Capita in $ 
1990-19973 b 1990-19973 
Japan 80 7.3 2,442 
Switzerland 79 10.2 3,603 
Sweden 79 8.6 2,222 
Canada 79 9.2 1,829 
Hongkong, China 79 5.0 1,134 
France 78 9.8 2,349 
Spain 78 7.4 1,003 
Australia 78 8.5 1,798 
Italy 78 7.6 1,515 
Norway 78 7.5 2,622 
Nether lands 78 8.5 1,978 
Greece 78 7.1 803 
Finland 77 7.4 1,666 
Austria 77 7.9 2,012 
Germany 77 10.4 2,677 
Belgium 77 7.6 1,816 
TheU.K 77 6.7 1,454 
Israel 77 4.1 551 
United States 76 14.1 4,093 
Source: The World Bank, 1999. 
Note: a. Data are for the most recent year available. 






















1998 1999 Year 
Figure 1.2. Comparison of Per Capita Health Expenditures U.S. vs. Japan. 
Source: National Center for Health Statistics. 2002a. Health, United States 2002, Table 112. 
Note: Data are not available for Japan Health Expenditures in 1999. 
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Evans' Health Model 
The definition of health given by the World Health Organization (WHO) is, "Health 
is a state of complete physical, mental, and social wellbeing, and not merely the absence of 
disease or injury" (Evans et al., 1994: 28). Therefore health is multi-dimensional, instead of 
merely lack of"a collection of negatives ... undesirable conditions" (Evans et al., 1994: 28). 
Focusing on preventive and curative health care is misleading if the goal is to improve the 
health of the U.S. people. 
Evans' seminal health model ( 1994) (Figure 1. 3) illustrates clearly that health care is 
by no means the unique or decisive factor of health. This model embodies a variety of factors 
that influence health at different levels. Evans decomposes the concept of health into three 
dimensions: disease, health and function, and well being. Disease is the situation that is 
recognized and reacted to by the health care system. It is the traditional concept of health that 
Evans et al (1994) defined as "a collection of negatives". Health & function is the health 
situation that is experienced by an individual. It is the traditional understanding of health, but 
viewed from the patient's perspective. Therefore, health and function is the "collection of 
negatives" plus the patient's accommodation to the disease, as well as the disease's impact 
on the patient's social activities. Disease and health & function are similar, but not 
necessarily identical, concepts. Well being, a broader dimension of health, is the sense of life 
satisfaction of an individual. This concept is WHO's definition of health. The three 
dimensions of health explain why health care is negligible in the model. This is because only 
disease is affected directly by health care. Well being, on the other hand, is under the 
influence of a variety of factors. Evans points out that excess health expenditures hurt 
population health in that expansion of health care draws resources that could be used for 
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other health-related activities. This statement explains why large amounts of investment in 
health care don't lead to lower death rate and longer life expectancy in the U.S. 
Evans lists six distinct health determinants in his model besides health care: genetic 
endowment, physical environment, social environment, prosperity, and individual response 
(behavior and biology). Among the six factors, Evans emphasizes the effects of social 
environment and individuals' behavioral response to health. Evans posits that social relations 
play important roles in health. A growing literature supports the Evans model. This thesis 
focuses on the effects social relations have on health outcomes. 
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Figure. 1.3. Evans' Health Model. Evans et al. (1994), P.53. 
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Research Questions 
In this thesis, I attempt to answer a general question: "how do social relations among 
people and within communities affect health?" I would like to make this question more 
specific by answering the following questions: "does a higher level of social capital lead to 
better health outcomes?" "Does social capital play a more important role in health than 
traditional health determinants such as age, gender, and income?" "Is it reasonable to analyze 
social capital at two levels: the individual level and the community level?" "Do both levels of 
social capital significantly predict health outcomes?" 
Definition of Terms 
Social capital, different from physical capital and human capital that can be created 
by an individual alone, is a relational structure. It is defined as investment in social relations 
with respect to returns (Lin, 1999). Generally, it has three categories: social networks, trust 
and reciprocity, and group membership (Coleman, 1988). Social networks refer to those ties 
between individuals within a community and ties across communities (Flora et al., 1997; 
Narayan, 1999). Both ties provide individuals and communities with resources and 
opportunities for personal achievement and collective problem solving (Bourdieu, 1983; 
Coleman, 1988, 1990; Putnam, 1995, 2000; Lin, 1999). Social trust is the positive emotions 
embodied in social networks that make social capital a reliable resource (Paxton, 1999). 
Trust and norms of reciprocity are beneficial for both individuals and the welfare of 
communities and nations (Paxton, 1999; Narayan and Pritchett, 1997). Group membership is 
individuals' ties to others in both formal and informal social organizations (Putnam, 1995, 
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2000). Group membership serves as a context where trust, friendship, and moral support 
occur (Bourdieu, 1983; Woolcock, 1998; Portes, 1998). It is suggested that a society rich in 
formal or informal group affiliations is more likely to take collective action for problem 
solving (Putnam, 1995, 2000). 
A major controversy in the conceptualization and measurement of social capital is 
whether social capital is an individual relational attribute or a group relational attribute. Few 
conceptual and empirical studies on social capital focus on social capital's dual 
characteristics. However, there are literatures that provide strong theoretical and empirical 
evidence that social capital has relational attributes at both the individual and community 
levels (Paxton, 1999; Portes, 2000). 
A number of literatures have discovered significant effects of social capital on health 
outcomes after controlling for socioeconomic and demographic factors at both the individual 
(House et al., 1988) and the community levels (Kawachi, 1997; Young and Lyson, 2001). 
However, few literatures conduct studies on effects of social capital on health outcomes at 
both levels simultaneously. I would like to know whether studying both levels of social 
capital at the same time would impose any impacts on social capital's predicting power on 
health outcomes. I also want to know if community level social capital is still a significant 
predictor of health outcomes after controlling for individual social capital in the study. 
Layout of the Thesis 
To study the relationship between social relations and health outcomes, a study of six 
purposively selected rural Iowa communities is carried out to test the series of research 
questions raised by the thesis. The thesis is developed into seven chapters. Chapter I is a 
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general introduction of the background of the study. Chapter II discusses the theoretical 
framework and empirical evidence of the study. Chapters III, IV, V, and VI are 
methodologies employed by the study. Chapter III lays out the study design, discusses the 
data, and analyzes variables used in the model. Chapter IV conducts OLS regressions on the 
six study communities respectively to find out whether community variables affect the 
predicting power of individual social capital on health outcomes in the six rural communities. 
Chapter V carries out a multi-level analysis to study whether community level variables still 
significantly predict health outcomes after controlling for individual level variables. Chapter 
VI is a general OLS regression analysis on the six communities as a whole to find out 
whether individual social capital is a significant predictor of health outcomes after 
controlling for other individual level variables such as age, gender, and household income in 
the six cities. Chapter VII summarizes my findings and suggests future research directions. 
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CHAPTER2 
THEORETICAL FRAMEWORK AND LITERATURE REVIEW 
Theoretical Framework 
The gradients in mortality and morbidity across socioeconomic classes appear to be 
relatively stable over long periods of time, even though the principal causes of death have 
changed considerably. This implies that there are underlying factors that influence 
susceptibility to a whole range of diseases. They are general rather than specific risk factors . 
.... (Evans et al. 1994: 45-46) 
Evans' Health Model 
Evans' health model provides a theoretical framework for my study. This model 
captures the multi-dimensional features of health, and it includes almost all possible health 
determinants that we currently recognize. I have briefly discussed the three dimensions of 
health in Chapter I. In this chapter, I will focus on the health determinants, especially social 
factors, in Evans' health model (Figure 2.1 ). 
13 
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Figure. 2.1. Evans' Health Model. Evans et al. (1994), P.53. 
There are six health determinants in Evans' health model. They are social 
environment, physical environment, genetic endowment, individual response, health care, 
and prosperity. Prosperity reflects how an individual's economic status influences his or her 
health. Health care refers to the health care system. We have shown in Chapter 1 that the 
health care system is not effective in improving the health situation in the U.S. Genetic 
endowment influences causes of disease from a bioinformatic perspective. Physical 
environment focuses on how physical environment factors, such as pollution, affect 
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individuals' health. Social environment, on the other hand, focuses on factors in the social 
domain that cause diseases, for example, stressful life events (unemployment, divorce, and 
death of spouse, etc.) and relationships with others. Individual response is the host's response 
to both the social environment and the physical environment. Evans believes that the health 
care system, genetic endowment, physical environment, and social environment impose 
effects on well being by way of individual response. Individual response can be both 
behavioral and biological. For example, the immune system can change to accommodate to 
changing physical environment, for example, the polluted air. The response is biological 
here. On the other hand, stressful life events my have negative effects on an individual's 
health if the individual remains socially isolated. However, the effects will become minimal 
if the individual responds by obtaining more social relations or social support (Evans, 1994). 
The response, this time, is behavioral. This study focuses on the sociology aspects of the 
model: social environment and individual behavioral response to the social environment. To 
be more specific, the study discusses how social relations affect health outcomes. 
A number of empirical studies have provided strong evidence to support the theory 
that social relations have direct effects on health outcomes. The first study can be traced back 
to the 19th century, when Durkheim (1951) found that socially isolated persons were more 
likely to commit suicide. The development of the theory was expedited in the past several 
decades, especially after the 1970s, when the construct of health was redefined and 
traditional health determinants, such as risk factors, were challenged by medical sociologists 
(House et al. 1988; Evans et al. 1994; Link and Phelan, 1995). 
Traditionally, health is defined purely as the opposite of disease, "a collection of 
negatives" (Evans et al. 1994). However, the WHO definition of health enriches the contents 
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of health. Health is a comprehensive state of physical, mental, and social well being (Evans 
et al. 1994). Consequently, the determinants of health are viewed as multi-dimensional. 
Empirical studies show that chronic diseases, in place of acute infectious diseases, have 
become the major causes of death in industrial nations (House et al. 1988). Therefore, disease 
theory has shifted its emphasis from one factor caused disease (e.g. flu) to multi-factor 
induced diseases (e.g., obesity) (House et al. 1988). Chronic diseases are usually affected by 
a variety of factors such as the social environment, physical environment, life style, and 
personal genes. Thus, individual-based health determinants, for example, risk factors, are no 
longer enough to account for causes of diseases (House et al. 1988; Evans et al. 1994; Link 
and Phelan, 1995; McKinlay, 2001). 
Risk factors are individual behaviors such as smoking, alcohol abuse, drug addiction, 
and lack of exercise that contribute to diseases (Evans et al. 1994). Focusing on risk factors is 
to view Evans' model from the disease dimension of health only. Therefore, emphasizing 
risk factors do not lead away from but back to the health care system (Evans et al. 1994). 
More and more evidence shows that risk factors are only proximal causes of disease (Evans 
et al. 1994; Link and Phelan, 1995; McKinlay, 2001). Major causes of diseases are those 
health determinants at the collective level, for example, social relations. 
The theoretical basis of the causal impacts of social relations on health is promoted by 
the study of "social support" and "stress". It is found that social support can moderate or 
buffer stress-related deleterious health effects (Evans et al. 1994; Link and Phelan, 1995; 
McKinlay, 2001). Evans' health model (Figure 2.1) gives a nice illustration of the theory. An 
individual responds to stressful life events by obtaining more social relations to minimize the 
negative effects of stressful life events. 
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What is the mechanism underlying social relations that makes social relations direct 
causes of individual health? It may be because social relations provide individuals with 
access to resources that can avoid risks and minimize consequences of diseases (Link and 
Phelan, 1995). 
The theory of social relations' impact on health provides a basis for exploring the 
research questions of the thesis. Next, I set out to discuss the conceptual and empirical 
studies that have been done on social relations and health in the past several decades. To be 
consistent with the majority of the literature, I use social capital, a relational structure, as a 
substitute for social relations in my study. 
Literature Review 
Social Capital 
In the process of negotiating a sale, a merchant will hand over to another merchant a 
bag of stones for the latter to examine in private at his leisure, with no formal insurance that 
the latter will not substitute one or more inferior stones or a paste replica . ..... . such free 
exchange of stones for inspection is important to the functioning of this market. In its 
absence, the market would operate in a much more cumbersome, much less efficient 
fashion ...... A given merchant community is ordinarily very close, both in the frequency of 
interaction and in ethnic and family ties ... (Coleman, 1988: 98 ~ 99) 
The core ideas of social capital are illustrated by Coleman's famous diamond market 
example. After reading the story, readers must wonder what makes such "unimaginable" 
diamond market work efficiently. Let's look at Coleman's explanation. The diamond market 
is a network of people connected by ethnic or family ties. The strength of the ethnic and 
family ties engenders trust and cooperation among dealers in the market. One dealer sends 
the "trusting" signal to the other by offering real diamonds for inspection. The recipient of 
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the sample diamond, thus, feels a sense of obligation to the diamond provider. He would pay 
the trustiness back by not running away with the sample diamonds or substituting the sample 
diamonds with fake ones. These trust and obligation ties are called norms of reciprocity that 
are the prerequisites for dealers to keep their membership in the market. Otherwise, the dealer 
can no longer do business smoothly and efficiently in the diamond market. 
The social structure that facilitates trades in the diamond market is defined by 
Coleman as social capital. Social capital, in Coleman's theory, consists of several elements 
such as networks, trust, cooperation, obligation, norms of reciprocity, and group 
membership. Similar to physical capital (investment in materials to form tools to facilitate 
production) (Coleman, 1988) and human capital (investment in technical skills and 
l' 
knowledge for returns in forms of earning) (Coleman, 1988; Lin, 1999), social capital is a 
kind of resource that can facilitate people's action. Social capital is the "social relationship 
which comes into existence when individuals attempt to make best use of their individual 
resources" (Coleman, 1990:300). Coleman's conceptualization sets a framework of social 
capital theory for later studies on the concept. The concept has gone though development and 
modification, but the core ideas of social capital remain nearly untouched. In the rest of the 
chapter, I first offer a brief review of various literatures on social capital in the last two 
decades. The review is divided into three parts, each part stressing one of the three basic 
elements of social capital: social networks, trust and norms of reciprocity, and group 
membership. The intent of the review is to give readers a clear framework for the origin and 
development of social capital and the consensus and controversy regarding the concept. 
Then, social capital is linked to health outcomes in preparation for hypothesis testing. 
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Consensus: Core Ideas of Social Capital 
(i) Networks. The objective physical ties (family, ethnicity, religion) linking 
individuals or communities are the basis of social capital (Paxton, 1999). Social capital, 
different from physical capital and human capital that can be created by the individual alone, 
is a relational structure. It is defined as investment in social relations with respect of returns 
(Lin, 1999). On one hand, social capital is embodied in social structure and is a mutual 
product (not an individual product) (Coleman, 1990; Putnam, 1995; 2000; Woolcock, 1998); 
on the other hand, social capital provides access to resources by way of social networks 
(Bourdieu, 1983; Coleman, 1988, 1990; Putnam, 1995, 2000; Lin, 1999). How do social 
networks work? Two explanations may be offered. First, extensive ties facilitate the flow of 
information (Coleman, 1990; Putnam, 1993, 1995; Lin, 1999). These ties provide individuals 
or groups opportunities or choices otherwise not available. Second, social ties impose 
influences on the agents who have the "final say" (Lin, 1999). The policies made usually are 
in the interests of collectivity. 
Social networks include intra-group ties and extra-group ties. Networks among 
individuals such as family ties, ethic ties, and close personal relationships are called "strong 
ties" or "bonding social capital" (Burt, 1984, 1998; Coleman 1988, 1990; Portes and 
Sensenbrenner, 1993; Putnam, 1995; Sheedy, 1997; Lin, 1999; Narayan, 1999; Paxton, 
1999). Networks across communities or groups are labeled "weak ties", "cross-cutting ties" 
or "bridging social capital" (Granovetter, 1985; Flora et al, 1997; Narayan, 1999). Both 
bonding social capital and bridging social capital serve as resources for individuals and 
groups. Bonding social capital provides its members with access to resources within the 
group so that members achieve personal fulfillments such as better education, better job or 
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promotion. However, bonding social capital also has negative effects on group members. 
These strong ties can prevent members from accessing resources outside the relationship. 
Thus it has positive effects only when the group itself is rich in resources. Otherwise, the 
exclusive nature of bonding social capital prevents group members from getting resources 
from other sources. For example, Black students in a suburban school in Ohio face great 
pressure and jeers from peers because they are labeled as trying to be White (Fletcher, 1998). 
Bridging social capital, on the other hand, helps individuals or groups to access resources 
beyond their own group. Bridging social capital builds social mobility and social cohesion, 
which are crucial for social stability and economic welfare (Narayan, 1999). 
Communities or groups can be horizontally or vertically connected (Flora et al. 
1997). Whether the community or the group is horizontally or vertically connected has a 
direct effect on how norms of reciprocity and trust are distributed within the community 
(Wollebaek and Selle, 2002). Horizontal networks foster trust and norms of reciprocity 
because people interact face-to-face in the community with little barriers to outsiders and 
many collective actions for problem solving (Putnam, 1993). Vertical networks, on the other 
hand, impede the form of trust and norms of reciprocity. People at the lower rank of the 
hierarchical structure do not have access to the policy-making process. Thus, vertical 
networks are less effective to collective problem solving (Putnam, 1993; Wollebaek and 
Selle, 2002). Therefore, communities with horizontal networks are more likely to be 
egalitarian than those connected by vertical networks. 
(ii) Trust. Social networks are ties (strong or weak) connecting individuals and 
communities. Those ties, most of the time, are objective, due to their physical existence. 
People are born with various family, race, and religion connections. Those ties alone don't 
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make social capital a reliable and permanent resource without active and positive emotions 
such as trust and norms of reciprocity (Paxton, 1999). Social capital, in some sense, is an 
"accumulation of obligations from others according to the norm of reciprocity" (Portes, 
1998: 7). As in the diamond market example, the dealer offers real diamonds for free 
inspection without fearing that the recipient will escape with the diamonds or return replicas 
because both parties observe norms of reciprocity. The donor shows his/her trust to the 
recipient by providing real diamonds. The recipient, at the same time, forms a sense of 
obligation. He/she repays the trust by doing business honestly. If he/she refuses to pay the 
debt, he/she loses his/her reputation forever and he/she will not be trusted in future 
transactions. To ensure the benefits in the long run, a rational individual won't risk his/her 
reputation by running away with the sample diamonds. Therefore, trust and norms of 
reciprocity are enforceable through the power of community, instead of by law or violence 
(Coleman, 1988; Portes, 1998). The enforceable trust is beneficial to both donors and 
recipients. For donors, it smoothes transaction because it prevents malfeasance; for 
recipients, it provides with access to resources and establishes good reputation for the 
recipients in future business. Trust and norms of reciprocity are beneficial not only for 
individuals, but also for the welfare of communities and nations (Narayan and Pritchell, 
1997; Paxton, 1999; Inkeles, 2000). A society that relies on norms ofreciprocity is more 
efficient than a distrustful society (Putnam, 1993). 
(iii) Group Membership. Dealers follow rules of reciprocity in the diamond market in 
order to keep their membership in the market. Membership in communities provides access 
to social networks and resources. It serves as a context where trust, friendship, care, and 
moral support occur (Bourdieu, 1983; Portes, 1998; Woolcock, 1998). However, not all 
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membership fosters trust and norms of reciprocity. It depends on types of membership and 
intensity of group involvement. Every person is a member of one or more groups: church, 
neighborhood, work place, etc. However, many group memberships are not voluntary. 
Usually, non-voluntary organizations are less likely to foster trust. Employees may be part of 
economic organizations; but little trust is developed among employees if the organization is 
vertically structured (Putnam, 1993). 
However, even in voluntary organizations, whether and how much trust and norms of 
reciprocity are created is largely influenced by the intensity of group involvement (Putnam, 
1993; Eckstein, 2001; Wollebaek and Selle, 2002). Some voluntary organizations are 
characterized by centralized, paid-staff leadership and vertical networks. Members in these 
organizations, named as "passive volunteers" by Putnam (1993), are channeled by money, 
instead of by time. They do not work together in a face-to-face manner. Such organizations 
are theorized not to produce as much trust and norms of reciprocity as those voluntary 
organizations where members have more intensive interactions (Putnam, 1993). 
However, Putnam (1993) insists that passive members are more likely to cultivate 
trust among one another than non-members do. Therefore, Putnam (1993) declares that 
voluntary groups foster in their member the sense of cooperation and solidarity. He (1995, 
2000) further suggests that group membership in volunteer associations is an important 
resource of social capital. He believes such participation benefits not only individuals, but 
also communities. 
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Controversy: Attributes of Social Capital 
The three main elements of social capital discussed in the previous part have gained 
consensus in the literature. However, there are controversies about social capital. The main 
controversy raises the question: is social capital an attribute of individual social relations or 
of community relations (Portes, 1998; Paxton, 1999; Inkeles, 2000)? Sociologists have 
different answers to the question. Many conceptualize social capital either at the individual 
level (Bourdieu 1986; Coleman, 1988; 1990; Sheedy, 1997; Burt, 1998) or at the community 
level (Putnam, 1993, 2000; Narayan and Pritchett, 1999; Montgomery, 2000; Inkeles, 2000). 
A few hold the perspective that social capital is attribute of both individual and community 
social relations (Portes, 1998; Paxton, 1999). 
I think it is hard to tell which sides are right if the "attributes of social capital" in the 
question are not specified and standardized. Sociologists interpret "attributes" in various 
ways. Some view "attributes" of social capital as the ownership of social capital. They assign 
properties to social capital according to answers to the question: who create social capital 
(Inkeles, 2000)? Some, on the other hand, interpret social capital based on another question: 
who receives the benefit of social capital--- the individual or the community (Lin, 1999; 
Paxton, 1999)? I use the second method of interpreting social capital for two reasons. First, 
the first method is invalid, because social capital is a product of networks of individuals and 
groups. The first method always leads to the conclusion that social capital is a group or 
community property. However, it can serve as a benefit to the individual without benefiting 
the group or community. Second, social capital serves mainly as a resource to facilitate 
actions. The functional nature of social capital should be determined by the goods produced 
by social capital. Social capital can create both individual goods and public goods (Paxton, 
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1999; Portes, 2000). Thus, social capital has the attributes of both individual and community 
relations. 
A review of the literature supports my assertion that it is valid to conceptualize and 
operationalize social capital at both individual level and community level. The review is in 
three parts. The first part focuses on social capital at the individual level, the second part on 
social capital at the community level. Social capital at both levels comes last. 
(i)Social Capital at the Individual Level 
Theoretical Development. Coleman (1988) and Burt (1992) are those who 
conceptualize social capital at the individual level. The individual perspective of social 
capital focuses on how individuals invest in social relations and obtain access to resources 
through those relations (Coleman, 1988; Burt, 1992; Lin, 1999). In these works, the core 
ideas of social capital such as networks, trust and norms of reciprocity are investigated at the 
individual level. For example, Coleman defines social capital as obligation and expectation 
(see discussion on the diamond market), information channel (social capital facilitates the 
flow of information so that individuals may get opportunities otherwise unavailable), and 
social norms (norms that make individuals behave in the interests of the collectivity so that 
individuals get benefits from a cooperative and secure community). In this perspective, 
individuals are main actors in social networks and get benefits from social capital directly. 
Empirical Studies. Authors with this perspective have carried out various studies to 
show that social capital helps individuals to achieve personal success such as school 
performance (Sheedy, 1997), occupation attainment (Burt, 1998), and lower chance of 
cardiovascular disease (Kawachi, et al. 1996). 
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(ii) Social Capital at Community Level 
Theoretical Development. Social capital at the community level is viewed as a 
collective asset. Studies from this perspective focus on how group members manage to 
maintain social capital and how they make good use of social capital to enhance the life 
quality of the group as a whole (Granovetter, 1973, 1985; Putnam, 1993, 1995; Flora et al, 
1997; Inkeles, 2000). Social capital is regarded as a mutual product of members in the 
community and it turns out mutual goods that benefit the whole community. Social capital at 
a community or nation level is sometimes called civic engagement (social relations in formal 
or informal voluntary groups) (Putnam, 1993, 1995; Narayan, 1999), civic community 
(communities where members cooperate and compromise for collective problem solving) 
(Morton, 2001), or cross-cutting ties (extra-group networks) (Granovetter, 1973, 1985; 
Narayan, 1999). 
Empirical Studies. Benefits of social capital at the community level have been widely 
studied in recent years. Social capital at the collective level reduces crime in neighborhoods 
(Sampson and Groves 1989; Sampson 1988, 1991, 1996); improves housing quality and 
security (Saegert and Winkel, 1998;); reduces income inequality and protects press freedom 
(Inkeles, 2000); promotes economic growth and produces stable democratic government 
(Inkeles, 2000; Putnam, 1995); and facilitates public policies (Montgomery, 2000). Saegert 
and Winkel (1998) compare five building programs in New York City that house the city's 
poorest residents. They measure social capital by informal building participation, leadership 
activity in the process of building and networks among tenants. Their findings show that 
social capital helps improve housing quality and security and reduce neighborhood crime. 
Inkeles (2000) interprets the cross-national studies conducted by Hofsted (1980) and 
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Inglehart (1997) respectively. Both studies surveyed more than 40 nations including 
industrial countries and developing countries. These studies try to find whether social capital 
produces such desirable features of social organization as income equality, economic growth 
and democratic government. In these studies, social capital is measured by modes of 
communication and association between individuals and between collective entities 
(voluntary association), and psychosocial characteristics (trust of people, openness to 
newcomers). The result shows that countries with high levels of social capital tend to enjoy 
long-term economic growth, press freedom, and democratic government. 
(iii) Social Capital at Two Levels 
Theoretical Development. Few literatures are engaged in negotiating social capital at 
two levels. Portes (2000) proposes the validity of regarding social capital as having both 
individual and community relational attributes. However, he admits it is hard to bridge the 
two meanings of social capital at present due to three factors. First, the concept is not well 
theorized in the transition from an individual resource to a group level asset. Though 
compatible in some situations, the concepts at two levels are in controversy with each other. 
For example, most of the time, an individual's access to resources by way of his social 
networks is at the expense of others' benefits. Here, gains in individual social capital are 
accompanied by losses in community social capital. Second, social capital is theorized in a 
truism manner at the community level. It is unknown whether social capital precedes or is the 
result of civic government. Third, a shift in definitions of social capital filters out other 
possible explanations. Portes (2000) points out that the assertion that higher levels of social 
capital lead to more civic government obscures a third factor that may be the cause of both 
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high levels of social capital and civic government. He proposes that the existence of such a 
third factor is possible, which would leave the relations between social capital and civicness 
spurious. Portes's work suggests a substantial need for improvement in the conceptualization 
of social capital at both levels. 
This thesis is an empirical study that responds to Portes's challenge. I would like to 
test whether it is sound to measure social capital at both levels and whether social capital at 
two levels are compatible with each other. 
Social Capital and Health Outcomes 
Discussion in the earlier part of this chapter shows the theoretical basis of social 
capital's causal effects on health outcomes. Empirical works based on the theory are 
discussed from both the individual perspective and the community perspective in this section. 
Studies at the Individual Level 
As early as the 1970s, prospective studies were done to study effects of individual 
social networks on individual health outcomes (Berkman and Syme, 1979) on a sample of 
4,775 adults in Alameda County, California. Adults in the sample were at ages 30-69 in 1965 
when they completed a survey. A social network index was created by using four types of 
social ties: contacts with family members and friends, church membership, and informal or 
formal group affiliations. The result showed that people who were low on the index were 
twice more likely to die than those high on the index after controlling for self-reported 
physical health, obesity, race, life satisfaction, and use of preventive health care. 
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House et al. (1982) replicated Berkman's experiment by using a sample of 2,754 
adults between 35-69 at their initial interview and physical examination in 1967 to 1969. A 
similar social network index was constructed. A negative association was discovered 
between social network index and mortality after controlling for age, clinically assessed, and 
self-reported risk factors. The association was stronger in men than in women. 
Berkman and Breslow (1983) tested associations among health practices, social 
networks, and mortality. Health practices were measured by physical activity, smoking 
status, weight status, alcohol consumption, sleeping patterns, and eating patterns. Social 
networks were measured by marital status, contacts with friends and relatives, church 
membership, and group membership. Doing multiple logistic regression analysis, Berkman 
and Breslow (1983) discovered that health practices and social networks associate with risks 
of mortality independently. Social isolation is associated with an increased risk of 
cardiovascular disease mortality. All measurements of social network were significant 
predictors except group membership. 
Kawachi et al (1996) examined social networks and found associations between 
social capital at the individual level and cause of specific mortality and disease incidence. 
Individual social network was measured by four variables: marital status (married vs. not 
married); sociability (acquaintance); church group membership; and membership in other 
community organizations. Kawachi et al. (1996) found that socially isolated men (not 
married, fewer than six friends or relatives, no membership in church or community groups) 
were more vulnerable to cardiovascular disease mortality and deaths from accidents and 
suicides. He suggested that social networks helped to reduce the possibility of mortality by 
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providing instrumental, emotional, and informational support to people who were highly 
socially involved. 
Studies at the Community Level 
In other research, Kawachi (1997) used the National Opinion Research Center 
General Social Survey data to study the relationship between social capital with health in 
each state of U.S. This time, he focused on another component of social capital: social trust. 
Kawachi (1997) measured social trust by asking questions such as whether respondents 
thought "most people can be trusted or you can't be too careful in dealing with people." In 
this study, Kawachi measured social trust at the community level. Respondents in the survey 
served as key informants of the social trust in their community. Regression analysis showed 
that the level of interpersonal trust positively predicted level of average mortality rate of each 
state after adjusting for age-related deaths. 
Kawachi (1997) also used the National Opinion Research Center General Social 
Surveys data for 39 states in the U.S. He decomposed social capital into two categories: civic 
trust (measured by percent of residents who believed that "most people can not be trusted") 
and group membership (measured by per capita Bowling League Membership (per 1,000 
population, 1990-1991)). He constructed two indices to measure health. One index is age-
adjusted mortality rate for the 39 states. The other index measured quality of life, which was 
the proportion of residents in each state reporting that their health was only fair or poor as 
opposed to good or excellent. Social trust and mortality rate regression showed that the lower 
the trust between citizens, the higher the average mortality rates in that state. Social trust and 
quality oflife provided evidence that less trust led to lower levels of satisfaction with health. 
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The regression of bowling membership on age-adjusted mortality suggested that higher 
numbers of state bowling league memberships were associated with lower mortality rates. 
Kawachi's study (1997) provides evidence of the positive effects of community social capital 
on health. However, he did not control for individual variables. I will test whether 
community social capital still has significant effect on health ifl control for individual level 
variables. 
Kawachi ( 1997) introduced income inequality into his health model. He believed that 
high levels of social capital would decrease poverty and inequality, and consequently would 
enhance the quality of health and lead to better health outcomes. 
Young and Lyson (2001) found structural pluralism had a significant contribution to 
lower mortality after controlling for effects of median family income and median years of 
education. They included four factors into their structural pluralism index. The four 
indicators were counts of voluntary associations in the county, membership organizations, 
small businesses, and voting rates in national elections. Young explained the result from two 
perspectives. First, structural pluralism, which was the capacity of members and 
organizations in the community to participate in political issues, empowered people to urge 
authorities to create and invest in medical facilities. Second, community members were 
empowered to defend the medical facilities they already had. 
Empirical studies at the individual level provide strong evidence that social capital, 
especially individual social networks and group membership, has a strong impact on morality 
rate (Berkman and Syme, 1979; House et al, 1982; Berkman and Breslow, 1983; Kawachi et 
al, 1996). The same pattern is detected for effects of community level social capital on health 
outcomes (Kawachi, 1997, Kawachi et al, 1997; Young and Lyson, 2001). Community level 
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social capital is measured by a variety of factors: social trust (Kawachi, 1997, Kawachi, 
1997), group membership (Kawachi et al, 1997; Young and Lyson, 2001), voter rates (Young 
and Lyson, 2001 ), and counts of small businesses (Young and Lyson, 2001 ). I am asking 
questions: "does such pattern exist in rural cities in Iowa?", and "will community level social 
capital remain significant if individual level variables are controlled for?" The next four 
chapters set out to answer these questions. 
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CHAPTER3 
HYPOTHESES, SAMPLING, AND DATA 
Introduction 
In Chapter II, I discussed the concept of social capital and recent empirical studies 
that link social capital with health outcomes. These studies provide strong evidence that 
social capital has a positive significant effect on health outcome. Few studies test and 
compare effects of social capital on health outcomes in rural places. Further these studies 
either measure social capital at the individual level (House et al. 1988, Kawachi et al. 1996), 
or measure it at the community level (Kawachi, 1997, Kawachi et al. 1997; Young, 2001). I 
believe that social capital can be measured at both individual and community levels, and both 
levels of social capital predict health significantly. In the next chapters, I will carry out a 
variety of statistical analyses to study this research question. In this chapter, a brief 
introduction to the research design is discussed. I will also discuss how data were sampled 
and how variables are constructed. 
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Hypotheses 
Two hypotheses are tested in this thesis. First, individual social capital has a 
significant effect on health outcomes in a study of six rural cities, controlling for age, gender, 
and household income. Individuals who have more social relations are more likely to have 
better health. Second, community-level social capital significantly predicts individual health 
outcomes after controlling for individual-level variables as well as community-level 
explanatory variables such as income inequality and medical infrastructure of the rural cities 
studied. Individuals who live in communities with a higher level social capital tend to have 
better health. 
Exploration of the Data 
This section shows where the data come from and how the data are sampled. It 
explores the data at both the individual level and the community level. Data used in the 
model come from a house quality and health status survey conducted by the RDI group 
(Rural Development Initiative) of the Sociology Department at Iowa State University in 
2001. Before the survey, 1,244 households were randomly selected from six purposively 
selected rural communities from the RD I's list of 99 randomly drawn rural communities in 
Iowa. A total of 1,244 questionnaires were mailed out, and 646 households filled out and 
returned the questionnaires. The return rate is 52 percent. All the 646 questionnaires are 
valid. An introduction to the RDI rural community list and sampling methods come next. The 
survey questionnaire (Appendix) includes housing, health, social capital, and demographic 
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questions. Variables selected from the survey to measure concepts in my hypotheses are 
discussed later in this chapter. 
Sampling 
A stratified sampling method was used to select communities and households in Iowa 
for the housing and health survey. Six communities were purposively selected from the list of 
99 previously surveyed (1994) rural communities. Then, approximately 200 households were 
randomly selected from each of the six communities. 
Sampling Communities 
The regional selection of the 99 RDI communities was random where one community 
with 500 - 10,000 residents was selected from rural cities in each of Iowa's 99 counties 
(Ryan, et al, 1994). The six communities used in the Housing and Health Survey were chosen 
purposively from the 99 communities using two criteria: population change and social capital 
levels. First, the randomly selected 99 rural communities on the RDI list were grouped into 
four quartiles according to their social capital values calculated from the 1994 RDI 
Community Survey. The first quartile had the highest values in social capital; the fourth 
quartile represented the lowest values in social capital. Two communities were selected from 
each of the first and the fourth quartiles; and one community was selected from each of the 
second and the third quartiles. Population change was used to select communities in each 
social quartile. Communities in the highest and lowest social capital quartile with very high 
population gains and loses from the 1990 to 2000 U.S. Census were selected for study. In the 
middle two social capital quartiles, high population gain and low population gain 
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communities were selected. The selection of the six communities is shown in Table 3.1. In 
the highest social capital quartile, Glidden experienced a fourteen percent population 
increase; St. Ansgar reported a three percent population loss. In the fourth quartile, low social 
capital communities, Center Point reported 18.5 percent population gain and Albia 4.2 
percent population loss. Among the 6 communities in the survey, four communities 
experienced population increase and two communities experienced decreased population 
from 1990 to 2000. 
Table 3.1 Sampling Communities 
Social capital 
ffigh Low 
Pop 18' quartile 211u quartile 3ru quartile 4m quartile 
Change Increase Glidden Humboldt Columbus Center Point 
(14%) (3%) Junction (18.5%) 
(1990- (17%) 
2000) Decrease St. Ansgar Albia 
(-3%) (-4.2%) 
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Sampling Households in Each Community 
It was planned to sample a total of 1,200 households from six communities. 
Therefore, approximately 200 households should be randomly selected from each 
community. The sample size of each community accounted for more than 5% of the total 
population of that community. It was easy to inflate sampling variance in such situation. The 
Finite Correction Factor was appropriate to control the sampling variances (Cochran, 1977). 
To use the Finite Correction Factor, the population variances of the six communities were 
assumed equal: 
d1 = d2 = d3 = d4 = d5 = d 6 
First the six communities were ranked according to sizes of population in an 
ascending order. Then, the city with the median population was set as a reference. In my 
study, the City of Columbus Junction had the median population. Then I assumed that 200 
households should be sampled from Columbus Junction. Next, to obtain sample sizes for the 
other five communities, the following formula was used: 
Where No is total population of Columbus Junction City: 
no is sample size of Columbus Junction City, which equals 200; 
Ni is total population of the ith city to be sampled from; 
ni is sample size to be sampled from the ith city. 
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Based on the formula, we obtained the sample size for each of the six communities. 
Totally 1244 households were randomly sampled. Table 3.2 shows the sample size in each 
community. 
For the individual level data, the list wise method was used to deal with missing 
values when questions were not answered. Thus, 515 cases are used in the multilevel 
analysis. There are six cases in the community level models. 
Table 3.2. Sample Size in Each Community 
Town Population Sample Size 
(2000)* 
Albia 3,706 227 
Center 2,007 215 
Point 
Columbus 1,900 200 
Glidden 1,253 174 
Humboldt 4,452 232 
St.Ansgar 1,031 196 
Total 14,349 1,244 
Note: *Census Service at Iowa State University. 2002. www.soc.iastate.edu/census. 
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Variables 
Measures of individual and community level social capital, health, medical 
infrastructure, and inequality are derived from the survey instrument in Appendix. First, 
individual level indicators are discussed and descriptive statistics presented. Then, 
community level indicators and their descriptive statistics are discussed. 
Individual Level Variables 
There are five individual level variables in the model: health outcome, social capital, 
age, gender, and household income. Health outcome and social capital are the interests of this 
study. Age, gender, and household income are control variables. This is supported by 
literatures that social capital has a significant effect on health outcomes after controlling for 
age, gender, and household income (Kawachi, 1997; Young & Lyson, 2001 ). The following 
parts discuss how variables are constructed and what their descriptives look like. 
Health Outcome (Health) is the dependent variable in this study, measured by a 
global health question: in general, would you say your health is __ ? The answer has five 
possible choices: poor, fair, good, very good, and excellent. This question has been used to 
measure health in a variety of studies. Ferraror and Farmer (1999) find that self-report health 
assessment is as accurate as clinically assessed health. The mean of health outcome is 3.43, 
with a standard deviation of .93. Distribution of health outcome is approximately normal 
(Figure 3.1, Figure 3.2). 
Individual Social Capital (Indsoc) is used as an independent variable to predict health. 
This variable is constructed from seven questions covering three aspects of social capital: 
social networks, personal trust, and group membership (Table 3.3). Reliability for the 
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measurement (a) is 0.68. Values for individual social capital range from 7 to 27, with mean 
of 4.89 and standard deviation of 1.91. Individual social capital distributes approximately 
normal (Figure 3.3, Figure 3.4). 
Income is measured by respondents' annual gross household income from all sources 
before deduction in 1999. Nine categories are listed in the questionnaire. Forty-five percent 
of the respondents surveyed earn annual gross household income falling into the interval 
between $35,000 to $74,999. Income has an approximately normal distribution (Figure 3.5, 
Figure 3.6). 
Age is the age ofrespondents in 2000. The youngest respondent is 19, and the oldest 
94. The mean age for respondents in all of the six communities is 54, which suggests that the 
six communities surveyed may have a large elderly population. Age follows a normal 
distribution (Figure 3.7, Figure 3.8). 
Gender is also a control variable. Women are more likely to live longer than men. 
Life expectancy of women (79.5) at birth is almost five years longer than that of men (74.1) 
in America ~000 (Minino et al, 2001). Forty nine percent of the households surveyed were 








1.0 2 .0 
Health 
Figure 3.1. Histogram for Health. 
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Table 3.3. Scale of Individual Level Social Capital Index. 
Items Mean SD 
*If I feel like just talking, I can usually find someone to talk to 4.08 .80 
*I can always count on my neighbours when I need help 3.98 .91 
*Ifl had an emergency, even people I don't know would help 4.09 .76 
out 
**During the past year, have you participated in any 
community improvement project in your community such as a 
volunteer project or fund raising effort? 
***In general, how would you describe your level of 
involvement in local community groups and organizations? 
****About what proportion of the adults living in this 




****About what proportion of all of your close personal adult 2.87 1.17 
friends live in this community? 
Standardized a= . 7172 
N=624 
Note: 
1. Answers to* questions are: 1. strongly disagree; 2. disagree; 3. neither agree or disagree; 4. agree; 5. 
strongly agree. 
2. Answers to ** questions are: 1 =yes; 2 = No; 
3. Answers to*** questions are: 1. not at all active; 2. not very active; 3. somewhat active; 4. very active; 
4. Answers to **** questions are: 1. none or very few of them; 2. less than half of them; 3. about half of 
them; 4. most of them; 5. all of them. 
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Mean= 20.4 
N = 624 .00 
Figure 3.3. Histogram for Individual Social Capital Index. 
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Figure 3.5. Histogram for Gross Household Income. 
Question: What category best describes your gross household income from all sources before 
deductions last year? 
1. Less than $10, 000 
2. $10,000 to $14,999 
3. $15,000 to $24,999 
4. $25,000 to $34,999 
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Table 3.4. Descriptive Statistics for Individual Level Variables. 
HEALTH INCOME AGE GENDER IND SOC 
ValidN 646 617 576 640 624 
Missing 10 39 80 16 32 
Mean 3.43 4.89 54.47 .50 20.39 
Median 3.00 5.00 53.50 1.00 21.00 
Std. Dev. .93 1.91 17.27 .50 3.72 
Minimum 1 1 16 0 7.00 
Maximum 5 9 94 1 27.00 
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Correlation. Before running OLS regression, I would like to know the association 
between pairs of individual variables. Pearson correlation is run on the five variables (see 
Table 3.5). Usually it is proper to run OLS regression if correlation matrix gives significant 
correlations between variables of interests (Mendenhall & Sincich, 1996). The listwise 
method is adopted to deal with missing values. The number of valid cases is 517. 
Pearson correlation shows highly significant correlations between age and health 
outcome (r = -.292; P < .01), and between income and health outcome (r = .272; P < .01). 
The negative relation between age and health means that older ages are associated with 
poorer health. The positive relation between income and health means higher incomes are 
associated with better health. Both of these relationships are supported in the literature. 
Individual social capital and health outcome has a lower correlation coefficient (r = .084; P< 
. 057) that is significant at a .10 level. Individual social capital shows strong correlations with 
income (r = .125; P < .01), age (r=.173; P < .01), and gender (r = .178; P<. 01). This 
suggests that it will be important to control these three variables to see if individual social 
capital significantly predicts health. 
The correlation matrix suggests a possible problem of collinearity, because there are 
significant correlations among several pairs of explanatory variables. For example, individual 
social capital and income, individual social capital and age, individual social capital and 
gender are highly correlated. Collinearity should be checked when regressions are run. 
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Table 3.5. Correlation Matrix for Individual Level Variables: Health, Income, Age, 
Gender and Social Capital. 
HEALTH INCOME AGE GENDER INDSOC 
Pearson 1.000 .272** -.292** .062 .084 
HEALTH Correlation 
Sig. (2-tailed) .000 .000 .159 .057 
Pearson .272** 1.000 -.266** .207** .125** 
INCOME Correlation 
Sig. (2-tailed) .000 .000 .000 .004 
Pearson -.292** -.266** 1.000 .010 .173** 
AGE Correlation 
Sig. (2-tailed) .000 .000 .829 .000 
Pearson .062 .207** .010 1.000 .178** 
GENDER Correlation 
Sig. (2-tailed) .159 .000 .829 .000 
Pearson .084 .125** .173** .178** 1.000 
IND SOC Correlation 
Sig. (2-tailed) .057 .004 .000 .000 
Note: ** Correlation is significant at the 0.01 level (2-tailed). 
N=517 
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Community Level Variables 
Three community level variables are used in second level models. Community level 
variables are characteristics of communities, which cannot be decomposed into the individual 
level. The three variables used are community social capital, income inequality, and medical 
infrastructure. Measurement and calculation of the three variables are discussed next. 
Community Level Social Capital (Comsoc) is social capital measured at the 
community level. Usually there are two means to measure community level social capital. 
First, scores of individual level social capital are aggregated to get the community level 
social capital (Kawachi et al. 1997). For example, to measure community trust, such question 
is asked "do you believe that most people will ..... ". Respondents are key informants of the 
whole community. Second, community level social capital is measured by questions that can 
not be broken down to the individual level (Young & Lyson, 2001 ), for example, voluntary 
associations in the county. The first method is employed to construct community social 
capital in this thesis. 
Six questions are aggregated to measure this construct. The six questions cover a 
large range of community level social capital such as community problem-solving, 
community organizations, and community's receptiveness to outsiders, and newspaper 
readership in the communities (Table 3.6). Standardized reliability for the six questions (a) is 
.83. St. Ansgar has the largest value for community level social capital; Albia has the 
smallest. Figure 3.9 shows values of community level social capital for the six communities, 
respectively. 
Table 3.6. Scales of Community Level Social Capital Index 
Items Mean SD Min Max 
Most everyone in my community is allowed to contribute to local 3.94 .81 1 5 
govern-mental affairs if they want to 
When something needs to get done in my community, the whole 3.46 .96 1 5 
community usually gets behind it 
Community clubs and organizations are interested in what is best for all 3.55 .89 1 5 
residents 
Residents in my community are receptive to new residents taking 3.32 .92 1 5 
leadership positions 
Local groups and organizations interact with each other a lot in this 3.56 .85 1 5 .i:.. \0 
community 
Reading the local weekly newspaper is the best way to keep in touch 3.54 .93 1 5 
with what's happening around this community 
Community social capital 21.37 3.94 6 30 
a = . 83; N = 629 
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Figure 3.9. Bar Plot for Community Level Social Capital 
Note: standardized a= .83 
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Medical Infrastructure (Medinfra) measures the medical infrastructure in each 
community. Four variables are used to measure medical infrastructure: number of hospitals 
per 10,000 population, number of hospital beds per 10,000 population, number of total 
physicians per 10,000 population, and number of licensed nurses per 10,000 population. 
These numbers are standardized to get more reliable results. For example, to get the 
standardized value for hospital numbers in each community, I choose one community with 
largest value in hospital numbers as reference and get the standardized values for the six 
communities by dividing hospital numbers in each community by the number in the 
reference community. The range of the standardized hospital number is between 0 and 1. I 
take hospital numbers in Albia as reference. It is 1.2. Then I divide hospital numbers in other 
communities by 1.2. Then, I get the standardized total number of hospitals for each 
community. The same method is applied to the calculation of standardized values of hospital 
beds, number of physicians and number oflicensed nurses. Finally, I sum these results up to 
get the final value of medical infrastructure for each community. The city of Glidden has the 
largest score for medical infrastructure, while Columbus Junction has the smallest (Figure 
3.10 and Table 3.7). 
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Figure 3.10. Bar Plot for Medical Infrastructure for the Six Communities. 
Table 3.7. Descriptive Statistics of Medical Infrastructure Index. 
Minimum Maximum Mean Std. 
Deviation 
Standardized .00 1.00 .5694 .4197 
hospital 
Standardized .00 1.00 .4153 .3336 
hospital beds 
Standardized .37 1.00 .7136 .2382 
licensed nurses 
Standardized .14 1.00 .4620 .3434 
total physicians 
Medical .76 3.51 2.16 .91 
Infrastructure 
Note: N = 6 ~ standardized a= .60 
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The Gini Coefficient index is a number between 0 and 1. It is used to measure the 
extent to which income is unequally distributed in a given society (Sen, 1973; Cowell, 1977; 
Atkinson and Micklewright, 1993). A number ofliteratures give evidence that income 
inequality has a significant negative effect on health outcomes (Kawachi et al. 1997; Lynch, 
Smith, Kaplan, and House, 2000). I want to test whether income inequality plays a role in 
explaining health outcome. 
With the aid of Figure 3 .11, I will illustrate the idea of the Gini coefficient and how it 
is calculated. In Figure 3.11, the horizontal axis plots the cumulative percentage of the 
population whose inequality is under consideration, from the poorest to the richest. The 
vertical axis plots the cumulative percentage of income (or expenditure) associated with the 
units on the horizontal axis. The curve in the figure is called the Lorenz Curve. 
In the case of a completely egalitarian income distribution in which the whole 
population has equal incomes, the Lorenz curve would be the dashed straight 45-degree line. 
When inequality exists, the poor population has a proportionately lower share of income 
compared with the rich population, and the Lorenz curve may look like the thick curve below 
the 45-degree line. As inequality rises, so the thick curve moves towards the bottom right-
hand comer. 
The Gini coefficient is the area between the 45-degree line and the Lorenz curve 
divided by 112, the total area under the 45-degree line. The Gini coefficient may be given as a 
proportion or percentage. From this it is clear that the Gini coefficient will be equal to 0 
when the distribution is completely egalitarian. If the society's total income accrues to only 
one person/household unit, leaving the rest with no income at all, then the Gini coefficient 
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Figure 3.11. Lorenz Curve for Households in 
Six Surveyed Cities 
Based on this method, I calculate Gini coefficients for the six communities respectively and 
for the six communities combined. For each community, I plot the horizontal axis with 
cumulative frequencies of respondents in the survey from the poorest to the richest. The 
vertical axis is plotted by cumulative categories of income listed in the survey. Seven points 
are fixed by matching frequencies of population with income categories they fall into. Then, I 
calculate the area below the 45-degree line and above the Lorenz Curve and divide it by the 
area of the square below the 45-degree line. The result is the Gini coefficient for one 
community. The same procedure is repeated to get Gini coefficients for each of the 
communities in my studies. Then I plot data for the six communities as a whole to get a Gini 
coefficient for the six communities combined. 
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Table 3.8 summarizes the Gini coefficient for each community, six communities 
combined, and that of the United States. All six communities have smaller Gini Coefficient 
than the United States as a whole. This means that these communities have less inequality 
than the U.S. as a whole. The six communities have a Gini coefficient of .34 when calculated 
together. Three communities have smaller Gini Coefficients than .34 (Center Point, Glidden, 
and St. Ansgar). Three cities have Gini Coefficients larger than .34 (Albia, Columbus 
Junction, and Humboldt). Figure 3 .12 is a bar plot of values of Gini Coefficient for the six 
communities. 
Table 3.8. Gini Coefficients for the Six Communitiesa and the United Statesb 
City Gini Coefficient Rank 
Albia .36811 6 
Center Point .28885 1 
Columbus Junction .350751 4 
Glidden .327269 3 
Humboldt .359083 5 
St. Ansgar .311984 2 
Six Communities .341119 
USA .3794 
Note: a. Gini coefficients for the six communities are calculated using household income data from the 
Housing, Health, Community Survey, Iowa State University, 200 l. 
b. Gini coefficient for USA comes from Deininger and Squire Data Set provided by The World Bank 
(http://www.worldbank.org/research/growth/dddeisqu.htm). It is calculated from household income. 
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Figure 3.12. Bar Plot for Gini Coefficients. 
In this chapter, I have laid out my research design. The next three chapters focus on 
testing social capital and health hypotheses from both the individual and the community 
levels. Chapter IV runs regressions for the six communities separately and discusses how 
community level social capital influences health outcomes in specific contexts. Using 
coefficients estimated for social capital, Chapter IV does two-sample tests to find out 
whether community level social capital plays significantly different roles in different 
communities. Then in Chapter V, hierarchical linear models are constructed to test the 
community level hypothesis. Then regression of the six communities as a whole is presented 




SIX IOWA RURAL COMMUNITIES 
Introduction 
Each of the six rural Iowa cities selected for this study are distinctive communities. 
Center Point, Glidden, and Columbus Junction have experienced fast population growth in 
the last decade. However, the source and reasons for their growth are not the same. Further, 
we do not know how the social capital in their respective communities affects health. St. 
Ansgar and Albia lost population in the past 10 years. How their social capital is affecting the 
health of their population is also unknown. Before combining these 6 cities in a statistical 
analysis, I will investigate the relationships between social capital and health in each of these 
rural cities using Ordinary Least Square regression. 
For each community, I will first give a brief description of its geographical location, 
population, population composition, population change, economic conditions, medical 
infrastructure, and community social capital level. Then I will regress self-reported health on 
age, gender, individual social capital, and household income. 
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Albia, Monroe County 
General Introduction 
Albia City is located in Monroe County, the mid-southern part oflowa. The 
population of Albia in 2000 was 3,706, a 4.24 percent decrease from its 1990 population. 
About 22 percent of the population in Albia City is 65 years or older. However, the elderly 
population decreased by16 percent in the last decade, while the 45-to-59-year age group 
increased by 25.37 percent. 
According to 2000 national Census figures, 9.2 percent of the total population in 
Albia lives below the poverty line, ranking third of the six studied communities. The city has 
the lowest average annual household income of all six communities in the year of 2000 based 
on the Housing and Health Survey data. Albia also has the highest income inequality among 
the six cities (Gini = .3681). 
Albia had a low social capital score in the 1994 RDI survey. In our 2002 survey Albia 
is one of two cities with low community social capital. Albia scores lowest in several 
questions used to measure social capital at the community level. For example, residents in 
Albia are the least likely to be receptive to new residents taking leadership positions, and 
community clubs and organizations in Albia are least interested in what is best for all 
residents. In open-ended comments at the end of the questionnaire, some Albian respondents 
complain that the city is highly stratified into several classes, suggesting that people don't 
cooperate across classes. Thus, besides a poor economy, Albia seems to lack collective 
actions to solve community problems. 
Monroe County, where Albia is the county seat, has a modest medical infrastructure 
compared to the other five communities surveyed (Figure 3.10). Medical infrastructure is 
59 
measured by an index aggregated from four indicators: number of hospitals (per 10,000 
population), number of hospital beds (per 10,000 population), number of physicians (per 
10,000 population) and number of registered nurses (per 10,000 population), (see calculation 
in Chapter 3). Values of medical infrastructure for the six communities range from 0.76 to 
3.51. The score for Albia is 2.61. 
Regression 
It has been hypothesized that high levels of individual social capital will increase 
positive health outcome. Although Albia has low community social capital, I can still test to 
see if individuals in Albia benefit from their own social relations. To test the hypothesis, I 
regress health on individual social capital, controlling for age, household income, and gender 
(Table 4.2). 
R-Square of the regression model for Albia City is .128. Considering the fact that 
heath outcome is multi-dimensional, this R-Square is satisfactory when we model it only 
from the social perspective and haven't taken other decisive factors into account, for 
example, genes, nutrition and health practice. Among the four predictors, only age and 
household income are significant at a .10 significant level. In the previous discussion, we 
know income in Albia is unevenly distributed and medical infrastructure is modest. This fact 
may explain why household income is significant in the regression for Albia, because 
whether a person has money or not may affect his or her access to medical care and further 
affect the individual's health condition. Thus, this model might provide some useful 
information: household income would be crucial for a person's health condition in a 
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community where income is unevenly distributed. Individual levels of social capital do not 
predict health in Albia. 
There are no signs that the model violates regression assumptions after I check the 
probability plot and scatter plot of regression residuals (Figures 4.1 and 4.2). 
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Table 4.1. Descriptive Statistics of Albia City Sample 
N Mean SD Min Max 
Age 104 54.01 16.98 19 91 
Household 112 4.54 2.00 1 9 Income 
Individual 115 20.25 3.63 10 27 Social Capital 
Gender 117 Female: 59.1 % Male: 41.0 % 
ValidN 96 
(listwise) 
Table 4.2. OLS Regression for Albia City 
Model Coefficients Std.Error T-ratio Significance level 
Constant 2.736 .615 4.453 .000 
Age -9.837E-03 .005 -1.813 .073 
Gross household .114 .04 2.31 .023 income 
Gender 1.692E-02 .189 .089 .929 
IND SOC 5.850E-02 .023 .219 .827 
R square= .128 
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Figure 4.2. Scatter Plot of Regression Residuals for the City of Albia. 
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Center Point, Linn County 
General Introduction 
Center Point City is located in Linn County, the mid-eastern part of the State oflowa. 
The total population of Center Point in 2000 was 2,007. The city experienced an 18 percent 
increase in the total population from 1990 to 2000. The increase mainly occurred in persons 
under the age of 5 and persons from 35 to 59. The elderly population accounts for 10.91 
percent of the whole population. Center point has a very young population and the lowest 
proportion of residents at least 65 years old in the six study cities. Further, the elderly 
population decreased over the past decade. 
Center Point City has the largest average annual household income in 2000 compared 
to the five other communities. It also has the lowest Gini coefficient score (.28), providing 
evidence of less income inequality than the other study cities. 
However, Center Point City doesn't score high for community level social capital. 
Local groups and organizations are less likely to interact with each other in the community. 
The medical infrastructure in Linn County, where Center Point City is located, ranks third 
among the six counties. Linn County has the largest number of physicians and the third 
largest amount of registered nurses for every 10,000 population. 
Regression 
Health is regressed on individual social capital to see if it has any significant impact 
on health after controlling for age, household income and gender (Tables 4.3 and 4.4). R-
Square of the regression for Center Point City is .223. Among those predictors, age and 
individual social capital are most effective in explaining health variance. Different from 
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Albia City, household income is no longer important for health outcomes in the city of 
Center Point. Checking the bar plot of the Gini coefficient for the six communities (Chart 
3.12), we find that Center Point has the smallest value in Gini coefficient (.28) and is much 
smaller than the average value for the United States. That means that the household income 
in Center Point is distributed very equally. Thus, we may guess that in an egalitarian 
community, income is no longer a decisive factor for health outcome because almost 
everyone can afford medical care of similar quality. In such a situation, what really makes 
the difference in my model is Age or Social Capital. This suggests that the individual 
relations of trust and reciprocities have a modest effect on good health. A possible 
mechanism for better health is that persons with lots of friends may have better chances to be 
taken care of when they are sick. Thus, a person who is trustier or more active in making 
friends and in taking part in community affairs, has more resources to obtain and maintain 
good health. Regression for Center Point City suggests that individual social capital, instead 
of household income, may affect individual health outcomes in highly economically 
egalitarian rural communities. 
The residual probability plot and scatter plot indicates no violation of regression 
assumptions (Figures 4.3 and 4.4). 
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Table 4.3. Descriptive Statistics of Center Point City Sample 
N Mean SD Min Max 
Age 93 50.37 16.98 21 90 
Household Income 94 5.39 1.79 1 9 
Individual 97 18.82 3.76 12 27 Social Capital 
Gender 102 Female: 45.1 % Male: 54.9 % 
ValideN 82 (listwise) 
Table 4.4. Regression for Center Point City. 
Model Coefficients Std.Error T-ratio Significance Level 
Constant 4.088 .620 6.594 .000 
Age -2.766E-02 .006 -4.513 .000 
Gross -2.692 .058 -.461 .646 Household Income 
Gender 8.561E-02 .199 .431 .667 
IND SOC 5.451E-02 .032 1.693 .094 
R square = .223 
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Figure 4.4. Scatter Plot of Regression Residuals for the City of Center Point. 
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Columbus Junction City, Louisa County 
General Introduction 
Columbus Junction lies in Louisa County, the southeastern part oflowa State. The 
city had a total population of 1,900 in 2000. It experienced a 17.57 percent increase in total 
population in the past decade. The increase is the second largest in the six study 
communities. Population under the age of 14 increased by 33 percent and people from 35 to 
59 had an even faster increase, 35 percent in the last decade. At the same time, the number of 
elderly people experienced a five percent decrease. Columbus Junction is unique in its 
population composition. Most of the cities in Iowa have predominately White populations. 
However, 39 percent of the total population in Columbus Junction is of Hispanic origin 
according to 2000 U.S. Census data. Hispanic immigrants originally came to Columbus 
Junction due to the establishment and development of a beef processing plant there. 
Population growth in the past decade can be attributed to growth in the Hispanic community. 
The Hispanic population is a younger population of childbearing age and has contributed to 
the increase in population under 14 years. The influx of Hispanic population has resulted in 
some social problems. One is serious income inequality. The city has the largest value for 
Gini coefficient (0.35). The city also has the largest poverty population in the six study cities 
(11.2 percent; Census Service at Iowa State University, 2002). 
Another problem is the lack of connections and trust between the two ethnic groups: 
White and Hispanics. In open-ended comments of the survey, almost one-quarter of the 
respondents surveyed in Columbus Junction expressed worry, dissatisfaction, and anger, or 
even resentment of the dramatically increased Hispanic population. One respondent 
commented that: "Large Hispanic population does not try to be part of community ... has 
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become a detriment to community." Because of the language barrier, we didn't receive many 
responses from Hispanic residents in the community, so most of the complaints were made 
by Whites. Future research should offer the survey in both Spanish and English to obtain 
more information on relations of two major ethnicity groups in Columbus Junction. Not 
surprisingly, Columbus Junction has a low social capital, with a value ranking fourth among 
the six communities. 
Medical infrastructure of Louisa County is the most inadequate among the six 
counties. The number of hospitals and hospital beds per 10,000 population is near zero. The 
county is in need of physicians and nurses. 
Regression 
When health is regressed on individual social capital controlling for age, gender, and 
household income, it turns out that no predictors in the model are significant. R-Square is 
only .05 (Tables 4.5 and 4.6). Why do the predictors do a poor job when they show some 
significance in regression models for the other five communities? The community has a 
unique population composition, so race might play a more important role in explaining health 
outcome variance. However, my data lack information about the Hispanic population. So I 
can't decide whether our intuitive is true or not just based on those surveyed in housing 
survey data. Future studies need to explore this issue. Columbus Junction is really a unique 
case in the hundreds of homogeneous cities in Iowa due to its race composition. 
Judging from the residual plots, no obvious violation of regression assumptions is 
discovered (Figures 4.5 and 4.6). 
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Table 4.5. Descriptive Statistics of Columbus Junction Sample 
N Mean SD Min Max 
Age 82 55.62 18.04 21 91 
Household 93 4.89 1.95 1 9 Income 
Individual 
Social 91 20.20 4.10 7 27 
Capital 
Gender 93 Female: 50.5% Male: 49.5 % 
Valid N 78 (listwise) 
Table 4.6. Regression for Columbus Junction City. 
Model Coefficients Std.Error T-ratio Significance level 
Constant 2.658 .705 3.769 .000 
Age -1.246E-03 .007 -.178 .859 
Gross household .100 .062 1.638 .11 income 
Gender -.133 .234 -.568 .572 
IND SOC 1.981E-.02 .037 .538 .592 
R square= .05 
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Figure 4.6. Scatter Plot of Regression Residuals for the City of Columbus 
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Glidden City, Carroll County 
General Introduction 
Glidden City is located in the center of Iowa. The total population of the city in 2000 
was 1,253. There was a 14 percent increase in the population from 1990. The city has the 
third lowest percentage of elderly population in the six communities (26 percent). In 2000, 
Glidden had a modest population below poverty (5.7%). The Gini coefficient for Glidden 
city is .32, ranking third in the six communities. Glidden has a high level of community 
social capital, ranking second in the six communities. Residents in Glidden are much more 
likely to work together to solve problems. The County of Carroll, where Glidden City is 
located, has the best medical infrastructure among the six cities. It has the largest number of 
hospital beds and physicians per 10,000 population. 
Regression 
Regressing health on social capital, controlling for other variables produces a R-
square value of .166. In this model, age and individual social capital are both significant at 
.10 level. Examination of community level predictors shows that the city has a modest 
income inequality (Gini coefficient= .32), and a high level of community social capital 
(22.12). The value for community level social capital for the city is the second largest in the 
six communities. The medical infrastructure for the City of Glidden is also great, ranking 
second in the six communities. Do these community structural characteristic explain health? 
A multilevel model, controlling for individual level characteristics, will offer an answer to 
this question. It is found that regression assumptions are observed by the data from the 
residual plots (Figures 4.7 and 4.8). 
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Table 4.7. Descriptive Statistics of Glidden City Sample 
N Mean SD Min Max 
Age 87 50.82 16.36 24 90 
Household 88 4.76 1.84 1 9 Income 
Individual 87 20.60 3.75 9 26 Social Capital 
Gender 89 Female: 50.6 % Male: 49.4 % 
ValidN 78 (listwise) 
Table 4.8. Regression for the City of Glidden 
Model Coefficients Std.Error T-ratio Significance level 
Constant 2.990 .714 4.185 .000 
Age -1.417E-02 .006 -2.221 .029 
Gross household 9.042E-02 .058 1.553 .125 income 
Gender -.118 .199 1.553 .125 
IND SOC 5.664E02 .031 1.804 .075 
R-square = .166 
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Figure 4.8. Scatter Plot of Regression Residuals for the City of Glidden. 
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Humboldt City, Humboldt County 
General Introduction 
Humboldt City is the county seat for Humboldt County in the north-central part of 
Iowa. Its population in 2000 was 4,452. The elderly population accounts for 26 percent of the 
whole population. This number makes Humboldt City the second city with the largest elderly 
population. In the past ten years, Humboldt's population has gone through a slight increase 
(.32 percent). The largest population change occurs to people 85 years and over. The increase 
for that age range is 18 percent; the second largest population change occurs to the group 
from 35 to 44 years old. The increase for that group is 17 percent. 
According to 2000's U.S. Census data, Humboldt City has a low percentage of 
population in poverty (7.3 percent). However, Humboldt has the second largest value for 
Gini coefficient (.3591), which means that Humboldt experiences a more serious income 
inequality compared to other communities in the survey. 
Humboldt City has a modest value in community level social capital. It can be 
grouped into the medium quartile in terms of community level social capital. Humboldt City 
has a modest medical infrastructure. There are 126.2 registered nurses per 10,000 population, 
which is the largest in the six communities. Humboldt also has the second largest number of 
hospitals per 10,000 population. The total physician number per 10,000 population and the 
hospital beds per 10,000 population are moderate. 
Regression 
When health is regressed on individual social capital after age, household income, 
and gender are accounted for, the R-square value is .299 (Tables 4.9 and 4.10). Among the 
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four predictors, only age and gross household income are significant at the .05 level. There is 
a negative relationship between Age and health Outcome, as expected. The relationship 
between health outcome and household income is positive. Social capital at the individual 
level doesn't show any significance in this model. To explain this, just recall the 
demographic statistics of the Humboldt City. Humboldt City has a modest medical 
infrastructure and a modest value for community level social capital, but a large value for 
Gini coefficient compared to other communities. The coefficient estimates for the City of 
Humboldt follow the rule of the regressions for Albia, Center Point, and Glidden. Household 
income, instead of individual social capital, plays an important role in obtaining and 
maintaining good health in cities where large income gaps exist. 
There are no obvious signs to show that regression assumptions are violated from the 
residual plots (Figures 4.9 and 4.10). 
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Table 4.9. Descriptive Statistics of Humboldt City Sample. 
N Mean SD Min Max 
Age 118 57.76 17.57 21 89 
Household 127 4.66 1.90 1 9 Income 
Individual 131 20.23 3.33 11 27 Social Capital 
Gender 133 Female: 47.4 % Male: 52.6 % 
Valid N (listwise) 103 
Table 4.10. Regression for Humboldt City 
Model Coefficients Std.Error T-ratio Significance level 
Constant 2.857 .520 5.493 .000 
Age -1.502E-02 .004 -3.433 .001 
Gross household .168 .042 4.042 .000 income 
Gender 2.880E-02 .143 .201 .841 
IND SOC 3.979E-02 .025 1.565 .121 
R-square = .299 
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Figure 4.10. Scatter Plot of Residuals for the City of Humboldt. 
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St. Ansgar City, Mitchell County 
General futroduction 
St. Ansgar City lies in Mitchell County, the north-central part of the State oflowa. 
The city has the smallest population of the six communities in 2000. The total population was 
1,031 in 2000, a decrease of 3.01 percent compared to 1990. With a decrease of 15.35 
percent, the population in the age range from 25 to 44 had the largest decrease in the past ten 
years. The elderly population, 65 years and over, also experienced a dramatic decrease: 11.26 
percent. Despite the decrease, St. Ansgar still has a large elderly population. Thirty-one 
percent of the population is 65 or older. 
St. Ansgar City has a relatively high percentage of population living under the 
poverty line (9.3 percent). However, it has a low value for Gini coefficient (0.31), indicating 
that the city has a fairly even distribution of income among population. 
St. Ansgar was a highly civic community, according to the 1994 RDI survey. 
According to the statistics from the Housing and Health survey in 2001, the city has the 
highest community level social capital (23.06) in the six communities. It scores highest in all 
questions measuring community level social capital, except for newspaper readership. 
However, the city's medical infrastructure only ranks fifth in the six communities, 
just a little better than Columbus Junction. There is less than one hospital and about twenty-
three hospital beds per 10,000 population. The city also has a comparatively small number of 
physicians and registered nurses per 10,000 persons. 
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Regression 
When health is regressed on individual social capital, and the effects of age, gender, 
and household income are controlled, the value ofR-square is .166. Only age and gross 
household income show significance in the health model for St. Ansgar City at a .10 level. 
The city enjoys a relatively more equal distribution of income, but the city doesn't have a 
moderate medical infrastructure. Thus, income still may affect health outcome because 
economic status will decide whether the resident can get better medical care in other 
communities. 
No evidence is found from the residual plots to show that assumptions of regression 
are seriously violated (Figures 4.11 and 4.12). 
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Table 4.11. Descriptive Statistics for St. Ansgar City Sample 
N Mean SD Min Max 
Age 90 57.11 16.68 21 94 
Household 100 5.08 1.78 1 9 Income 
Individual 100 22.20 3.17 11 27 Social Capital 
Gender 103 Female: 43.7 % Male: 56.3 % 
ValidN 83 (listwise) 
Table 4.12. Regression for St. Ansgar City. 
Model Coefficients Std.Error T-ratio Significance level 
Constant 3.732 .816 4.57 .000 
Age -1.735E-02 .006 -2.831 .006 
Gross household .9.685E-02 .056 1.722 .089 income 
Gender .148 .203 .729 .468 
IND SOC 8.302E-02 .038 .218 .828 
R-square = . 166 
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Figure 4.12. Scatter Plot of Regression Residuals for the City of St. Ansgar 
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Summary 
Six regressions are run for the six communities in the survey. Tables 4.13 and 4.14 
provide a summary of my findings. The six regressions have the same response variable and 
explanatory variables. Except for the regression for the City of Columbus Junction, all 
regressions seem to follow some rules as far as coefficient estimation is concerned. First, age 
is an important factor for health outcome, because age is significant in all regressions, except 
the one for the City of Columbus Junction. Second, gender doesn't look like an important 
factor as far as self-reported health condition is under consideration in my models. 
Additionally, it seems that the second level predictors, Gini coefficient and medical 
infrastructure, do affect the first level estimation to different extent. A multilevel analysis 
would test the second level effects of community structures. 
(i) In cities with large Gini coefficients, household income, instead of individual social 
capital, affects health outcome in rural communities. This may be because people 
with higher incomes have more resources to obtain access to medical care than lower 
income people do. It is especially the case for cities with large Gini coefficient as well 
as poor medical infrastructure. When medical infrastructure is inadequate and income 
is seriously uneven, economic conditions become decisive in maintaining good 
health. Albia is a good example for this case. Only age and household income are 
significant in the regression for Albia at a .10 level. 
(ii) Distribution of income may weaken the effects of household income on health. For 
example, in Center Point City, household income no longer predicts health outcome, 
even though the city's medical infrastructure only ranks forth in the six communities. 
Center Point City has a high level of income egalitarianism. In such cities as Center 
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Point City, individual social capital may replace income as a very important resource 
to keep good health. 
(iii) It seems that St. Ansgar is a special case to the rule. St. Ansgar has a small value of 
Gini coefficient. However, the individual social capital doesn't show in the regression 
for St. Ansgar. In fact, though it has evenly distributed household income, St. Ansgar 
has the worst medical infrastructure among the six communities in the survey. We 
may guess that residents in St. Ansgar may have to resort to other counties for 
medical care if the medical care in their home city is unsatisfying. In such case, 
economic condition, again, plays an important role in obtaining and maintaining good 
health, because wealthy people tend to have more resources, for example, long 
distance transportation, to get better medical care in neighbor counties. 
(iv) The data and the model seem not to provide much evidence that community level 
social capital plays a significant role in regression estimation results. 
The purposeful selection of these cities prevents generalization beyond the six 
individual cities. However, my findings do support my theories that Gini coefficient and 
medical infrastructure affect coefficient estimation of individual level regression. It seems 
that household income is crucial in individual's health condition in a community where 
income is distributed unevenly or medical infrastructure is inadequate. On the other hand, 
people who are trusty and active in making friends and helping with community affairs are 
more likely to be more healthy in a relatively more egalitarian city where medical 
infrastructure is satisfying. Unfortunately, no clear evidence is found to link community 
social capital with differences in coefficient estimation in the six regressions. To further 
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explore these relationships, T-tests will be used in the next part to find relationship between 
community social capital and health outcome in the six communities. 
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Note: l. ** significant at the .05 level. 











































Gini Medinf ComSoc 
1 2 5 
6 4 6 
3 6 4 
4 1 2 
2 3 3 
5 5 1 
4. Gini: Gini coefficient. Lower rank ofGini coefficient indicates higher level of income inequality. 
5. Medinf: medical infrastructure. Lower rank of medical infrastructure indicates better medical facilities. 
6. ComSoc: community social capital. Lower rank of community social capital indicates higher level of 
community social capital. 
Table. 4.14. Summary of the Six Regression Models 
Significance of Ranking of 
Individual Social Age Household Gini Medical Community Social Capital Income Coefficient Infrastructure Capital 
Albia No Yes Yes 1 2 5 
Center Point Yes Yes No 6 4 6 
Columbus No No No 3 6 4 Junction 
Glidden Yes Yes No 4 1 2 
Humboldt No Yes Yes 2 3 3 
00 
0\ 
St. Ansgar No Yes Yes 5 5 1 
Note: 1. Smaller numb er of ranking of Gilli coefficient indicates higher level of income inequality; 
2. Smaller number of ranking of medical infrastructure indicates better medical facilities; 
3. Smaller number of ranking of community social capital indicates higher level of community social capital in the community. 
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Compare Means 
When regressions for the six communities were run respectively, I find that second 
level predictors seem to make differences in the individual level coefficients estimation. For 
example, household income plays a more important role on individual health outcome in 
communities with larger gaps of income than in communities where income is distributed 
more evenly. However, it is not very clear whether the second level predictors have direct 
influences on individual health outcomes. I need to find out whether the second level 
predictors such as medical infrastructure, community level social capital, and Gini coefficient 
play decisive roles on health outcomes in rural communities. A new methodology is applied 
to achieve this purpose. Independent two-sample t-tests are used to compare predicted values 
of health outcomes resulting from the six regressions. 
Methodology 
If community level predictors really have effects on health outcome in rural 
communities, expected means of health outcome predicted by regressions will tum out to be 
significantly different for communities that have extreme values in the community level 
predictors. 
The T-tests are reasonable here in that the degrees of freedom for each t-test are over 
150, which is the sum of the cases in the two communities included in the test. Tests with 
larger degrees of freedom give more reliable and significant results. 
The methodology is pretty simple. I will illustrate the procedure by showing how to 
test the effects of community level social capital on health outcome. First, I check the bar 
plot of the community level social capital and pick out the two communities with the largest 
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and smallest values in community level social capital. In this case, the two cities are Center 
Point (smallest value) and St. Ansgar (largest value). Next, I regress health outcomes on the 
four individual level predictors for Center Point and St. Ansgar respectively. Then I get 
predicted values of health outcome from each regression. Next a two-sample t-test is 
conducted to compare the means of the predicted values of two regressions. If the t-test 
shows significant differences between the two sets of predicted values of health outcome, I 
can conclude that community level social capital really plays a very important role in health 
outcome in rural communities in Iowa. The same procedure is applied to check whether 
medical infrastructure and Gini coefficient make differences in health outcomes in rural 
communities in Iowa. To be consistent, I will use predicted values produced by OLS 
regression models discussed earlier in this chapter. 
Findings 
T-test 1: Community Level Social Capital --- Center Point vs. St. Ansgar 
The expected mean of predicted health outcome for Center Point is 3 .5244, and for 
St. Ansgar is 3.5225. Intuitively, there is a slight difference between the two means. 
Statistically, equal means are discovered by the t-test. The discovery suggests that the data 
don't support the idea that community level social capital affects health outcome. 
T-test 2: Gini Coefficient ---Albia vs. Center Point 
Next I test whether income inequality in rural communities makes a difference for the 
self-reported health condition. Two cities with extreme values in Gini coefficient are 
selected. They are the City of Albia (largest value) and the City of Center Point (smallest 
value). Regressions are run for the two cities and predicted values are calculated. The mean 
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of predicted values for Albia is 3.1979, and for Center Point is 3.5244. A two-sample t-test 
was run, and theresult of the test is significant (P-value < .000). There is a significant 
difference in health outcome between cities with extreme values in Gini coefficients. These 
findings provide strong evidence that people have better health in the community where 
income is distributed more evenly. 
T-test 3: Medical Infrastructure---- Glidden vs. Columbus Junction 
The City of Columbus Junction has the worst medical infrastructure (3.3590), and the 
City of Glidden has the best (3.6487) among the six communities. Means for the predicted 
values of health of the two cities are calculated. A two-sample t-test detects a significant 
difference (P-value < .000). The data strongly support the hypothesis that people have better 
health where medical infrastructure is adequate in the six rural cities. 
Summary 
Three t-tests are made to test effects of community level social capital, Gini 
coefficient, and medical infrastructure on self-reported health. The tests show that the 
expected means of predicted values of self-reported health are significantly different for 
communities with extreme values of Gini coefficient and medical infrastructure. The data 
support the idea that people have better health in communities with better medical 
infrastructure and more equal distribution of income. However, the tests are still unable to 
relate community level social capital and health outcome in rural communities. Multi-level 
models are used in the next chapter to see if community level social capital, medical 






One of the purposes of this study is to test whether social capital can be 
conceptualized and operationalized at both individual and community levels. Chapter N, 
where regression analysis of six communities and T-tests are conducted, provides evidence 
that individual social capital has a significant effect on health, but community level social 
capital does not. Multi-level analysis is carried out to find whether community level social 
capital significantly predicts health in the six study communities after individual level 
indicators are controlled. In this chapter, hypotheses for multi-level analysis are discussed, 
followed by model building and model selection. The summary of the multi-analysis comes 
last. 
Hypothesis 
Hypotheses are made at both levels. At the first level, it is hypothesized that 
individual level social capital significantly predicts individual health outcome after 
controlling for age, gender, and household income. I predict that the higher level of social 
capital an individual has, the better health he or she reports. At the second level, it is 
hypothesized that the intercept in the first level model can be predicted significantly by 
community level social capital, community medical infrastructure, and community 
inequality. I posit that higher levels of community social capital, better medical 
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infrastructure, and lower income inequality lead to better health in communities. Due to the 
small number of communities studied by the survey, community level variables have to be 
analyzed in separate models. Multi-level analysis requires at least six to eight second level 
cases to enter each second-level predictor into second-level models (Bryk & Raudenbush, 
1992). Since I have only six communities, only one variable can be entered at the second-
level model. Three models are built with community social capital, medical infrastructure, 
and income inequality as variables at the second-level models respectively. Coefficient 
estimates in the three models are compared to find out which of the three community level 
variables is more powerful to predict health outcome. The hypotheses are presented in the 
following mathematical way: 
Individual model: 
Health= /Jo+ /J1 (Social Capital) + /l2 (Age) + /JJ (Gender) + /J4 (Income) + E:; 
Second level model: 
/lo = Yoo + Yo1 (Social Capital) + 601 
or, /lo = Yoo+ Yo2 (Community Medical Infrastructure) + 601 
or, /lo = Yoo + Yo3 (Community Inequality) + 601 
From the first level hypothesis, I expect a significant positive sign for Bi after Bz, B3, 
B4 are controlled. For the second level models, I expect significant positive signs for yo1, yo2, 
Yo3. 
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The hypotheses are developed into two levels: the individual level and the community 
level. So the best way to test the hypotheses is to construct hierarchical linear models and 
carry out a multi-level analysis on the data. 
Model Building and Model Selection 
In total, there are 8 models being built. I start with the ANOV A model. The ANOV A 
model (Model 1) is run to obtain the intra-class correlation (p ). The ANOV A model is the 
simplest model. The response variable in Model I is health outcome without any 
transformation. Model I is written in the following way: 
Model 1 
1st level model: 
Health =/lo + c; 
2nd level model: 
/lo = Yoo + Joi 
The intra-class correlation (p) is only .02, which is too low to conduct a two-level analysis 
(the rule of thumb is .05). Two features of the data used may lead to small intra-class 
correlation: first, the data have a small sample size, six, for the second-level analysis. 
Usually, we expect a large sample size when running the second-level model in HLM. 
Second, the data come from six rural communities in Iowa, which, unfortunately, lack 
variation. The six communities are sampled from the RDI rural community list. All the 
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communities on the list are almost identical in size, population, ethnic composition, and 
economic development. 
Theoretically, it is improper to do further HLM analysis if small intra-class 
correlation is detected. HLM (Hierarchical Linear Modeling) is appropriate to estimate robust 
standard errors only for data with a moderate to large number oflevel-two cases. Obviously, 
my data don't meet the criterion. To demonstrate the multi-level process, I will continue the 
multilevel analysis on the data. However, I do not expect to get substantial results. Linear 
regression analysis is more appropriate for the data. Linear regression results are discussed in 
Chapter VI. 
Due to the small second level sample size, I can not estimate first level slopes by 
second level data. So I fix all slopes and release intercept only in the following models. As 
analyzed in Chapter III, collinearity may affect modeling results. Thus, transformations are 
made on explanatory variables in the first level models. Usually, centering data is a remedy 
for collinearity effects. Two models are run. Model 2 uses original forms of explanatory 
variables in the first-level model. Model 3 centers first-level variables by subtracting from 
each variable its grand mean. In this data, grand mean for a certain variable is the mean of the 




Health =/lo +/Ji (Individual Social Capital) + fl2 (Age) + fJ3 (Gender) + fJ4 (Income) 
+ £; 
Second-level model: 
/lo = Yoo + 601 




Health =/lo + fJ1 (Individual Social Capital) + /J2 (Age) + /J3 (Gender) + fJ4 (Income) 
Second-level model: 
/lo = Yoo + Yo1 (Community Social Capital) + Joj 




Health =/Jo + /31 (Individual Social Capital) + /J2 (Age) + fJ3 (Gender) + fJ4 (Income) 
Second-level model: 
/Jo = Yoo+ Yo1 (Gini Coefficient) + Jo1 




Health =Po + P1 (Individual Social Capital) + P2 (Age) + ftJ (Gender) + p4 (Income) 
+ e; 
Second-level model: 
Po = Yoo + Yo1 (Medical Infrastructure) + '5oj 
Note: bold italic means that the variable has been grand mean centered. 
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The following analysis is carried out on Models 2, 3, 4, and 5. First, I compare the 
first-level estimation of the four models. The four models have the same first-level model. 
The only difference among the four models lies in the second-level models. Models 3,4, and 
5 have different community level predictors to explain intercept variations. The output shows 
no explicit changes in the first-level estimations among the four models. Gross household 
income, age, and individual level social capital significantly predict health outcome. 
The output shows no obvious reduction in intercept variation from Model 1 (.015) to 
Model 2 (.009), or from Model 2 (.009) to Models 3 (.011), 4 (.011), and 5 (.008). The 
numbers in the brackets are the variance components estimated by the five models 
respectively. That might suggest that community social capital, income inequality, and 
medical infrastructure might do little in explaining intercept variances. However, we have to 
keep one thing in mind that we don't have a large enough sample size for the second-level 
models. Usually, small sample size is unable to lead to significant results. Thus, a small 
reduction in intercept variation should not serve as evidence against the effects of income 
inequality and medical infrastructure on health outcome. 
Although the sample size is too small to get significant findings, the models under 
discussion are still valuable. For example, we can look at the signs of the coefficient 
estimates of the three community-level predictors. By doing so, at least we can get a sense of 
trends of relationships between health outcome and community social capital, income 
inequality, and medical infrastructure in rural communities. Such knowledge will facilitate 
future research. Furthermore, we can look at R2 of both levels so that we can get a sense of 
how the second-level predictors work in explaining variances in both levels. The next part of 




The four models have the same format for the first-level model. The four first-level 
predictors are grand mean-centered. In all models, income, individual social capital and age 
are highly significant. In Model 2, only individual-level variables are tested by releasing the 
intercept only. T-ratios for the three predictors are 4.650 (income), -4.847 (age), and 3.907 
(social capital). The model gives evidence that individuals who are young, have higher 
income, and are highly connected to others are more likely to report better health than those 
who are older, have lower income, and are less connected to others. 
Models 3, 4, and 5 add community-level predictors to explain intercept variance. 
When a second-level predictor is added, the first-level coefficient estimation doesn't change 
a lot. Grand mean-centered gender doesn't show significance in any of the three models. 
Income, individual social capital, and age also are significant in these three models (results in 
Table 5.1). 
Community-Level Estimation 
As has been noted in the previous section, the limited number of cities at the second 
level prevents a satisfying estimation for intercept variances. This limits analysis of the 
second-level estimation. 
Models 3 (community social capital) and 4 (income inequality) are almost identical to 
Model 2, the model without second-level predictors. Model 5 (medical infrastructure) shows 
a slight decrease in the variance component of the intercept. Model 5 (medical infrastructure) 
has the largest second-level R-square: .48. Model 2, with no intercept predictors, has a R-
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square value of .37. Models 3 and 4, where community social capital and income inequality 
are used to explain intercept variances, respectively, have much smaller R-squares. The 
second-level R-square value for community social capital (Model 3) is .32, and income 
inequality (Model 4) has a R-square of value .30. The data seem to suggest that medical 
infrastructure in a community has greater influence on self-reported individual health in the 
community than community social capital and income inequality. 
Due to the limitation of the data, second-level R-square is the only analysis I can do 
on the second-level models. Thus, the analysis of multi-level models has to come to a pause 
here. OLS regression offers an alternative way to check how community level predictors 
such as community level social capital, income inequality, and medical infrastructure affect 
self-reported individual health in rural communities (Table 5.1 ). 
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Table 5.1. Multi-level Analysis for Models 2, 3, 4, and 5. 
Models 1•t level Coefficient Std.Error T-ratio P-value 
variables 
Income* .09 .020 4.65 .000 
Model2 Age* -.013 .002 -4.847 .000 
(.37) Gender -.007 .04 -.153 .879 
Indsoc* .02 .006 3.907 .000 
Income* -.01 .021 4.34 .000 
Age* -.013 .002 -5.816 .000 
Model3 Gender -.007 .07 -.093 .927 
(.32) Indsoc* .023 .011 2.171 .03 
Community .052 .062 .841 .448 
Social Capital 
Income* .09 .02 4.261 .000 
Age* -.013 .002 -5.782 .000 
Model4 Gender -.009 .078 -.125 .901 
(.30) Indsoc* .025 .010 2.376 .018 
Income -1.70 2.05 -.830 .454 
Inequality 
Income* .096 .022 4.417 .000 
Age* -.013 .002 -.5.719 .000 
Model5 Gender -.006 .078 -.074 .941 
(.48) Indsoc* .025 .011 2.385 .017 
Medical .0013 .0011 1.157 .312 
Infrastructure 
Note: 1. * means the predictor is significant at a .05 level. 2. Bold italic means that the variable has been grand 
mean-centered. 3. Numbers in brackets are second-level R-squares. 
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Summary 
In this part, hierarchical linear models are constructed by using the Housing and 
Health Survey data in Iowa. Five models have been run. The analysis concentrates on Model 
2 to Model 5. The four models have the same format for the first-level model. There are four 
variables in the first-level models. They are gender, age, individual social capital and 
household income. Model 2 has slopes fixed and intercept released for the second level 
model. On the basis of Model 2, Models 3, 4 and 5 are constructed by fitting community 
level predictors to explain intercept variances. Community level predictors are community 
level social capital, medical infrastructure and income inequality in the community. Both 
first-level and second-level predictors are grand mean-centered. 
The limitation of the data is the small number of communities at the second level. 
Due to this limitation, it is hard and improper to do the second-level analysis. Thus, the 
analysis for the multi-level models is concentrated on the first-level model. For the second-
level models, l calculate R-squares only to see how much of intercept variances can be 
explained by community-level predictors. 
The estimated coefficients in the first level show that age, household income and 
individual social capital are significant. The result supports the hypothesis that individual 
social capital plays an important role in health outcome after controlling for the traditional 
health determinants such as age, gender, and household income in rural communities. 
However, in Models 3, 4, and 5, coefficients estimated for the second-level predictors 
such as medical infrastructure, income inequality, and community level social capital are not 
significant. Real values of these coefficients are not small; for example, coefficients for the 
three predictors are -1.70 (income inequality), .0012 (medical infrastructure), and .05 
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(community level social capital). In fact, income inequality has a pretty large estimated 
value. Unfortunately, I am unable to get significant results. I think the reason lies in the fact 
that the model has large estimates of standard deviation for these coefficients because of 
small second-level sample size. Significant t-ratios for coefficients are expected if the 
second-level sample size is large enough, say over 30. Thus, it is impossible to test the 
hypothesis that community level social capital has a positive effect on health in rural 
communities by using multi-level analysis. 
Thus at present, it is more reasonable to do OLS regression analyses combining the 





It is shown in Chapter 5 that multi-level modeling can not provide second-level 
estimates because of the small number of communities. Regression analysis is conducted on 
the six communities as a whole to test my hypothesis further. 
Two models are discussed in this chapter. Model I regresses health outcome on 
individual social capital, age, gender, and income. All variables in the model are not 
transfmmed. For Model II, all explanatory variables are centered. For each model, discussion 
is focused on coefficient estimates and model diagnosis. 
Chapter Four presents descriptive statistics and OLS regression analysis for each of 
the six communities. In this chapter all households and all six communities are combined 
into a single data set. Descriptive statistics for this data set are in Table 6.1. 
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Model I 
First, I regress health outcome on individual social capital, age, gender, and household 
income. I call this Model I. Table 6.2 presents standardized coefficients estimates. 
The R-square value for Model I is .130. It is small but satisfying. Health is a complex 
concept. It is influenced by a large variety of factors, from genes to nutrition, from physical 
activity to health policy. Factors included in Model I cover only sociological aspects of 
health. Thus, a small R-square value is acceptable. 
Coefficients estimated by Model I provide some useful information on health in these six 
rural communities in Iowa. Consistent with the correlation matrix (Table 3.5), age and 
household income (annual gross household income) are highly significant. The t-ratio for age 
is -5.944, and that for income is 4.286. The results suggest that older age is associated with 
poorer health and that high gross household income is more likely to lead to better health 
outcome. The correlation matrix doesn't show a significant correlation between individual 
social capital and health outcome. However, correlations don't control for other variables. 
When age, household income, and gender are controlled, the regression gives significant 
coefficient estimates for individual social capital. The t-ratio for individual social capital is 
2.424, which is significant at the .05 level. This model provides evidence that a higher level 
of individual social capital predicts better health outcomes. 
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Table 6.1. Descriptive Statistics for Model I. 
HEALTH INCOME AGE GENDER IND SOC 
Valid N 646 617 576 640 624 
Missing 10 39 80 16 32 
Mean 3.43 4.89 54.47 .50 20.39 
Median 3.00 5.00 53.50 1.00 21.00 
Std. .93 1.91 17.27 .50 3.72 
Deviation 
Minimum 1 1 16 0 7.00 
Maximum 5 9 94 1 27.00 
Table 6.2. Standardized Coefficient Estimates for Model I 
Model Coefficient Stderror t-ratio p-value 
Constant 3.234** .246 13.154 .000 
Age* -.259 .002 -5.944 .000 
Gender .007 .078 .160 .873 
lndsoc* .104 .010 2.424 .016 
Income* .189 .021 4.286 .000 
R =.130 




Significant results are obtained to support the individual level hypothesis of the paper. 
However, I have to make sure that these significant results are produced by a correct model. 
Correct models mean that model estimates are not corrupted by collinearity, influential data 
points, and violation of linear regression assumptions. Therefore, model diagnosis should be 
carried out on the regression. Diagnosis is done from three aspects: collinearity analysis, case 
analysis, and residual analysis. The same analytical procedure will be applied to Model II. 
Collinearity. Collinearity indices, such as Tolerance, VIF (Variance Inflation 
Factor), and Condition Index, are calculated (Tables 6.3, 6.4). I get a value of 16.9 for 
condition index in a five-dimensional space for Model I. The unusually large condition index 
suggests the existence of collinearity. Typical symptoms of collinearity are inflated variance 
estimates, volatile coefficient estimates, and volatile T-ratios. It is hard to get significant 
results in the presence of collinearity due to large variance estimates. Model I might have 
some or all of the symptoms listed above. 
Case analysis. Outliers and high leverage points will seriously affect regression 
results. Cases with large standardized residuals are analyzed (Table 6.4). Only three cases 
have standardized residuals larger than three. I don't think the three cases are outliers, 
because I have a large sample size (over 500) and data points with relatively large 
standardized residuals are expected for a large sample size. 
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Table 6.3. Collinearity Statistics for Model I 
Model VIF Tolerance 
Age 1.13 .885 
Gender 1.073 .932 
Indsoc 1.089 .919 
Income 1.154 .866 
Note: 1. A variance inflation factor (VIF) for a~ parameter is calculated by: 
TTIF. =-1- . r, 2 (1=1,2,3 .... ,k) 
I l-R. 
I 
where R2i is the multiple coefficient of determination for the model 
E(x;) = fJ-OXo + a1 x1+ ... +a i-t xi-1+ a ;+1 Xi+1+ ... + <4Xk 
Usually, a VIP greater than 15 indicates the existence of Collinearity. 
2. Tolerance is calculated by: 
Tolerance = 1 - R2i = lNIF; 
Small values of Tolerance (close to zero) are problematic. 
(Mendenhall & Sincich, 1996) 







Conditional md1ces are calculated by: 
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3 4 5 
5.609 10.43 16.8952 
CI, = ~ 2- , Whore ~is 1he conventional symbol for an eigenvalue. 
A; 
2. 16.895 suggests the existence of Collinearity. To correct it, I can center the variables in the 
model (Mendenhall and Sincich, 1996). 
Table6.5. Case Diagnosis 
Case Number Std. Residual HEALTH Predicted Residual Value 
119 -3.009 1 3.56 -2.56 
252 -3.183 1 3.71 -2.71 
618 -3.029 1 3.58 -2.58 
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Residual Diagnosis. Normal probability plots and scatter plots of standardized 
residuals were made (Figures 6.1, 6.2). Normal probability plot shows that all standardized 
residuals fall on a nearly straight line. There is no suggestion of serious departure from 
normality. Thus, normality assumption of regression is not seriously violated. 
The scatter plot between unstandardized predicted values and standardized residuals 
turns out nicely. The plot shows no clear pattern. No clear evidence shows that the 
homogeneity assumption is violated. 
The diagnosis shows that Model I is a satisfying model, except for the fact that 
standardized residuals depart a little from a normal distribution. Collinearity may be one of 
the causes of residuals' departure from normality. Remedies for collinearity may improve the 
model. Thus, I center the four explanatory variables. Four new explanatory variables are 
created. They are Cenged (Gender Centered), Censoc (Individual Social Capital Centered), 
Ceninc (Annual Gross Household Income Centered), and Cenage (Centered Age). The model 
using the centered variables is called Model II. 
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The four explanatory variables are centered in model II. Normal probability plots for 
centered explanatory variables show that all variables have normal distributions (Figures 6.3, 
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Centered explanatory variables improve the model a little. This time, adjusted R-
square is .136 instead of .130 for Model II. The t-ratio for each of the four explanatory 
variables becomes larger because collinearity is fixed. However, gender still doesn't 
significantly predict health outcome (t-ratio = .873). (Table 6.6) 
Model Diagnosis 
Model II is an improvement of Model I, judging from the coefficient estimates (Table 
6. 7). I want to know whether the model has fixed all problems that happened to Model I. If it 
has, I can trust the estimates from Model II. Thus, the same procedure of model diagnosis is 
applied to Model II. 
Collinearity is avoided after explanatory variables are centered (Tables 6.8, 6.9). 
Condition index in a five-dimensional space reduces to 3.642, a significant decrease from the 
condition index of 16.9 in Model I. Collinearity is no longer a problem, so we find that T-
ratios of explanatory variables in Model II become larger. 
Three cases have standardized residuals larger than three (Table 6.10). These points 
won't affect the model estimation much because a standardized residual larger than three is 
expected for a large-size sample data set. 
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Table 6.6. Standardized Coefficient Estimates of Model II 
Model Coefficient 
Constant 3.168** 




Note:* singificant at the .05 level 
** unstandardized coefficient 
CENAGE: centered Age 







CENINC: centered annual gross household income 














Table 6.7. Coefficient Comparison between Model I and Model II 
Standardized Standard T-ratio 
Coefficient Error 
Model I Model II Model I Model II Model I Model II 
Constant 3.234 3.168 .246 .073 13.154 43.581 
Gender 1.239 .007 .078 .073 .160 .160 
vs. 
Cengend 
Age -1.399 .259 .002 .002 -5.944 -5.944 
vs. 
Cenage 
Income 9.138 .189 .021 .021 4.289 4.286 
vs. 
Ceninc 
Indsoc 2.528 .104 .010 .01 2.424 2.424 
vs. 
Censoc 
Note: Table 6.7 shows that all T-ratios for coefficients estimated by Model II are larger than their corresponding 
T-ratios in Model I. 
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Note: Cengend: centered gender 
Cenage: centered age 





Censoc: centered individual social capital 









Case Number Std. Residual HEALTH 
119 -3.009 1 
252 -3.157 1 









Residual diagnosis. The normal probability plot is greatly improved. The normal P-P 
plot shows that standardized residuals estimated by Model II almost fall onto a perfect 
straight line (Figure 6.6). This suggests that the normality assumption is nicely observed. The 
scatter plot of residuals shows no patterns, so normality and homogeneity assumptions are 
not violated (Figure 6.7). Model II is better fit than Model I. It solves problems of 
collinearity. 
Summary 
In small rural towns like those surveyed by the Housing and Health Survey by the 
RDI group, individual social capital, in addition to age and income, play important roles on 
self-report health. The literature strongly supports that age and household income affect 
health conditions greatly. Elderly people are more vulnerable to poor health compared to 
younger people. Possession of wealth is a crucial factor in access of medical care and health 
maintaining facilities. However, my model provides significant evidence for the argument 
that the higher level of social capital an individual has, the better the health condition she or 
he experiences. In model II, centered individual social capital produces a significant t-ratio 
(t-ratio = 2.424) when centered age, centered gender, and centered household income are 
kept constant. The significant result shows that among persons with the same age, gender, 
and household income, persons who are in possession of a higher level of individual social 
capital are more likely to report better health conditions. Studies have shown that self-
reported health condition is as reliable as doctor-evaluated morbidity, if not better (Ferraro & 
Farmer, 1999). Thus, I conclude that individual level social capital improves health in the six 
rural communities studied. In my model, individual social capital is measured from three 
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aspects: reciprocal trust, social networks and group memberships. Thus, my model supports 
the idea that people tend to have better health who have reciprocal relations of trust and 
belong to groups in their communities. 
To explain my findings, we need to return to Coleman (1990) or Putnam (1993, 
1995). They define social capital as a kind of resource, which facilitate people's activities. 
Involvement in community affairs and making many friends help a person set up useful 
networks. Those networks sometimes function in a way monetary capital does. Networks 
provide persons with assess to medical care and even give the person the power to make 
health policies. 
Gender doesn't make any difference in self-reported health condition. There seems to 
be no significant difference between males and females when health is concerned in these six 
rural communities in Iowa. Or there is different criterion of good health between male and 
female. Respondents of different gender might evaluate their health conditions slightly 
differently even though they are actually of the similar health condition. I cannot decide what 
is exactly underlying my model that makes gender insignificant. Further investigation is 
needed to find out the answer. 
In conclusion, the model is successful in providing support regarding influences of 
social capital on health outcomes in rural towns. The model lends support to the idea that 
higher level of social capital at individual level helps people in rural areas obtain and 
maintain good health. A person who is in possession of high levels of personal social capital 
is more likely to enjoy better health than others when they are of the same age, in the same 
economic condition, and of the same gender. 
Model II is inclusively an individual-level model, so I am unable to study the effects 
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of community-level factors on health, such as medical infrastructure and community level 
social capital. However, model II gives good suggestions to individuals on how to improve 
health in rural areas. A person might get out making friends in the community and involved 
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Figure 6.6. Normal Probability Plot for Model II 
The plot is a big improvement from Figure 6.0, the P-P plot of Standardized Residuals for Model I. 
Centering the data improves the model. 
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Figure 6.7. Scatter Plot for Regression Residuals of Model II 
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Figure 6.8. Partial Regression Plot of Health and Gender Centered 
We can't tell a difference between the mean values for males and females from the partial regression 
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Figure 6.9. Partial Regression Plot of Health and Age Centered 
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Figure 6.10. Partial Regression Plot of Health and Centered Income 
There is a clear upward trend of the data in the plot. Thus, the model supports the idea that the more 
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Figure 6.11. Partial Regression Plot of Health and Centered Individual Social 
Capital 
An upward trend can be detected across the data. In addition to age and income, social capital is 




The US has the largest health expenditures per capita ($4,093) around the world in 
1997 (The World Bank, 1999). However, there are at least 18 countries with populations of 
one million or more having longer life expectancy than the U.S. in 1997 (The World Bank, 
1999). Despite large expenditures in health, an upward trend can be detected for the crude 
death rate per 100,000 population in the US in the last decade (National Center for Health 
Statistics, 2002b). These facts lead us to realize that focusing solely on the health care system 
may be a misleading way to improve the health situation in the US. More and more literature 
provides evidence that the U.S. health care system doesn't have as much influence on health 
as expected. There are more factors in the social domain that impose great effects on health 
outcome in the U.S. (House et al. 1988; Evans et al. 1994; Link & Phelan, 1995; McKinlay, 
2001). 
Evens' health model (1994) illustrates several health determinants other than health 
care system. Health is redefined in Evans' model from three dimensions: diseases, health & 
function, and well being. Well being, the broadest dimension of health, refers to the physical, 
mental, and social satisfaction of life. Health is multi-dimensional, so are health 
determinants. Therefore, the disease theory has shifted its emphasis from one factor caused 
diseases such as flu to multi-factor incurred diseases such as obesity. Among a variety of 
health determinants, social factors such as social relations are drawing more and more 
attentions from medical sociologists. A number of empirical studies have provided strong 
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evidence that social relations have direct effects on health outcomes (House et al. 1988; 
Evans et al. 1994; Link & Phelan, 1995; McK.in1ay, 2001). As a complement of these studies, 
this,study aims at finding out whether social capital, a kind of social relations, has direct 
effects on health outcome in rural cities in Iowa. 
The analysis of the data of six rural communities provides strong evidence that 
individual social capital has a positive, significant effect on health outcome after controlling 
for age, gender, and household income in the six rural cities in Iowa. No solid evidence has 
been found that community level social capital predicts health outcome significantly after 
controlling for individual level variables such as individual social capital, age, gender, and 
household income. The findings do support the theory that social relations are direct causes 
of health (House et al. 1988; Evans et al. 1994; Link & Phelan, 1995) at the individual level 
analysis. When the analysis is done at the community level, spurious relations have been 
found between social capital and health. However, the findings don't necessarily suggest that 
there is no relationship between community level social capital and health outcome when 
individual level variables are controlled because the data used by the study have a small 
community level sample size. It is hard to get significant findings if the sample size is too 
small. 
This study provides patterns of distributions of social capital at both levels and health 
outcomes in the six communities. The scale of individual social capital index was constructed 
by aggregating 7 variables. The variable ranges from 7 to 27 with mean of 20.39. The 
distribution of means of individual social capital of the six communities (Figure 7.1) is 
almost the same pattern as for the community level social capital index means of the six 
cities (Figure 7.2). St. Ansgar city has the highest social capital at both levels, Center Point 
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City the lowest. The health index has five responses: poor, fair, good, very good, excellent. 
For the convenience of comparing health outcomes between the six communities, I rescaled 
the index by calculating the proportion of residents in each community reporting that their 
health was only fair or poor, as opposed to good, very good, and excellent (Kawachi, 1997) 
(Figure 7.3). The higher the proportion, the less healthy the community is. Albia City has the 
largest proportion of people reporting poor or fair health status (29 percent), compared to 
Glidden (11.36 percent). Comparisons between health status pattern and social capital 
patterns at both levels give us a sense that higher levels of social capital, no matter at 
individual or community levels, are associated with a lower proportion of residents reporting 
poor to fair health. 
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Figure 7.2. Community Social Capital in the Six Rural Communities. 
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A variety of statistical techniques were employed to discover and test relationships 
between social capital and health outcomes in the six rural cities. First, to get a sense whether 
community level variables have effects on health outcome in the six communities, I regressed 
individual level variables: individual social capital, age, gender, and household income on 
health for the six communities separately. Individual social capital is significant in some, but 
not all regressions after controlling for age, gender, and household income. This fact suggests 
that there may exist some community level factors that influence the predicting power of 
individual social capital on health. 
There are three community level variables that may affect the predicting results of 
individual social capital on health. The three variables are: community level social capital, 
income inequality, and medical infrastructure in the communities. To get a rough idea which 
variable imposes effects on predicting the power of individual social capital on health, two-
sample t-tests are conducted by comparing pairs of communities with extreme values on the 
three community level variables. T-tests suggest that medical infrastructure and income 
inequality are important contributors to health, while community social capital is not. 
Next, a multi-level analysis of the data is carried out to see whether community social 
capital has an effect on health after controlling for individual level variables. Because the 
community level sample size is small, I can put only one community level variable into 
community level model at each time. Three models are constructed. All three models have 
individual social capital, age, gender, and household income as individual level predictors. 
The three models have different community level indicators. There is only one community 
level predictor in each model. The first level models give significant results of individual 
social capital on health after adjusting for age, gender, and household income. However, no 
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significant results have been found for any of the community level variables. No significant 
reduction in intercept variance is discovered, either, but the relationship between community 
social capital and health are supported by a variety of conceptual and empirical literatures. I 
think the non-significance of community level predictors in my multi-level analysis is due to 
the small sample size of community level cases. Significant relationships may be detected if 
the community sample size were large. 
Finally, I carry out a general OLS regression on the individual level data of the six 
communities as a whole. The result provides strong evidence that individual social capital 
has a significant effect on health outcome in the six rural communities. 
Similar patterns of the relationship between social capital and health in the six rural 
communities are discovered by different statistical techniques employed in the thesis. The 
effects of individual social capital on health are strongly supported by the data. However, no 
evidence is uncovered to justify community social capital's impacts on health in the six rural 
communities. 
There are two limitations of the study. First, the sample size at the community level is 
too small. It leads to the fact that the thesis fails to test the hypothesis that community social 
capital has significant effects on health outcome after controlling for individual level 
variables such as age, gender, and household income. Second, the communities in the study 
are nearly identical, so it is difficult to draw inferences. Therefore, to avoid limitations and to 
get significant findings on the effects of community level social capital on health outcome, 
future studies should pay attention to two factors. First, data should be collected from a large 
number of communities. It is easier to get significant results by using data with larger second 
level sample size. Second, studies should be done in heterogeneous communities. Rural 
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communities of Iowa, where data for the paper are sampled, are highly homogeneous. Thus, 
it is hard to find significant variations among communities to do community level analysis. 
Another benefit of sampling a large number of heterogeneous communities is that inferences 
resulting from the data are more representative. 
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APPENDIX 
HOUSING, HEAL TH, AND COMMUNITY SURVEY 
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1 =Albia (1-227) 
2 = Center Point (228-442) 
3 = Columbus Junction 
xl =Town No. 
x2 = I.D. No. 
4 = Glidden ·· .................................... : ............ . . 
5 = Humbodt 
6 = St. An)-;;sgtir 
x3 
Housing is more than roofs and walls. 
It is about strengthening our communities -
good homes go along with good health, 
stability, pride, caring about our neighborhoods, 
and having hope for our future. 
Source: Rural Voices, 
"Why Housing Matters. " 
Vol. 6(1):2 Winter 2000 
x4 
No. of male surveys sent: No. of male surveys returned: 
Survey 
Initiative 
No. of female surveys sent: No. of female surveys returned: 
Instructions: So that we have a balanced number of male and female responses to this survey, if possible 
have an 
adult male adult female 
complete this questionnaire. If such a person is not present or available, any adult living in your 
household may complete this form. 
Please respond to this questionnaire as the questions apply to you and your household. Usually this is done by 
circling a number or by filling in a blank. There is also an opportunity for you to write in comments. 
Please complete and return the questionnaire in the enclosed business reply envelope 
to Iowa State University. 
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Housing, Health, and Community Survey 
I. GENERAL INFORMATION ABOUT YOUR RESIDENCE 
x4 A. Which best describes the type of residence you live in? (Please circle the mnnber next to 
your response.) 
1. one-family house detached from any other house 
2. two-family house (duplex) 
3. building with 3 or more units 
4. mobile home in a mobile park 




















• What percent of your income do you 
pay for rent each month? 
1. 0 percent 
2. less than 30 percent 
3. 30-40 percent 
4. 40-50 percent 
5. more than 50 percent 
Circle all of the utilities that 




4. cable TV 
5. garbage pick-up 
6. other (please specify) 
Why have you chosen to rent rather 
than purchase housing (circle ALL 
that apply)? 
1. short-term stay in the area 
2. requires little or no upkeep 
3. can't afford down payment/ 
closing costs for purchase 
4. can't afford monthly house 
payment for purchase 
5. can't find desirable home to 
purchase 
6. other (please specify) 
u 
la. What percent of your income goes to 
your home mortgage? 
1. 0 percent 
2. less than 3 0 percent 
3. 30-40 percent 
4. 40-50 percent 
5. more than 50 percent 
lb. At the time you purchased your house, 




3. did not finance 
le. Have you refinanced your 




If yes, when did you last refinance: 
(year) 










1. 2000 or 2001 
2. 1990-1999 
3. 1980 - 1989 
4. 1970 - 1979 
5. 1960 - 1969 
6. 1950 - 1959 
7. 194 9 or earlier 
D. When did you move into your current residence? 
1. 2000 or 2001 
2. 1990 -1999 
3. 1980 - 1989 
4. 1970 - 1979 
5. 1960 -1969 
6. 1950-1959 
7. 1949 or earlier 
E. How many rooms does your residence have? (Do not count bathrooms, halls, foyers, 





5. five or more 
IL HOUSING ADEQUACY AND HOUSING SATISFACTION 
x26 
x27 
A. Is the size of your residence: 
1. Much too small for my/ our needs 
2. somewhat small for my/our needs 
3. just right 
4. somewhat large for my/our needs 
5. much too large for my/our needs 
B. Which best describes the condition of your residence? 
1. poor (needs many major repairs) 
2. fair (needs a few major repairs) 
3. good (needs many minor repairs) 
4. very good (only a few minor repairs needed) 
5. excellent (no repairs needed) 
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C. Have there been major repairs (such as roof, siding, remodeling) made to your residence 
during the past 5 years? 

















D. Does your residence have (check ALL that apply): checked not checked 
1. a ramped entrance in addition to steps? 1 ..................... 0 
2. a front door wide enough for wheelchair passage? 1 ..................... 0 
3. other modifications such as grab rails? 1 ..................... 0 
E. Please rate the following aspects of your living environment: 
poor Fair Good 
1. structural condition of your house ................................. 1 2 3 
2. exterior appearance of your house ................................. 1 2 3 
3. yard/lot size .................................................................. 1 2 3 
4. heating and cooling ....................................................... 1 2 3 
5. plumbing facilities ........................................................ 1 2 3 
6. kitchen facilities ........................................................... 1 2 3 
7. sewer/septic system ...................................................... 1 2 3 
8. quality of your community ............................................ 1 2 3 
9. distance from work ....................................................... 1 2 3 
10. cost of housing ............................................................. 1 2 3 
F. Overall, how do you feel about your present housing situation? 
1. Very dissatisfied 
2. dissatisfied 
3. neither satisfied nor dissatisfied 
4. satisfied 
5. very satisfied 
G. During the past year, did you try to find housing that better suited your needs? 
1. no 
2. tried, but not very hard 
3. tried moderately hard 














H. Which housing type would you most prefer if you were able to move to other housing: 
1. share a home with a non-related person 
2. share a home with a family member 
x44 
3. buy a mobile home located in rented space 
4. buy a mobile home and my own lot 
5. buy a townhouse 
O=missing 
6. buy a family house 
7. rent a single family house 
8. rent in duplex 
9. rent an apartment in a building with 3 or more units 
ID. COMMUNITY HOUSING 








This community has ... 
enough different 
housing to purchase ................... 
enough affordable housing to 
purchase .................................... 
too many houses in 
poor condition ........................... 
too many vacant houses ............. 
enough affordable 
rental units ................................. 
too many houses in 
poor condition ........................... 











disagree Disagree Agree 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
B. To what extent does this community have affordable housing available for the following 
types of households? 
Don't Too Few About 
Know Right 
x52 1. married couples without children ................... 
x53 2. married couples with children ........................ I 2 3 
x54 3. single parents with young children ................. I 2 3 
x55 4. single persons living alone ............................. I 2 3 
x56 5. people with disabilities .................................. I 2 3 


















C. What type of housing should this community checked not checked 
encourage checked not more of? 
(CheckALLthat apply.) 








2. housing for the disabled persons 1.. ....................... 0 
3. subsidised non elderly housing 1.. ....................... 0 
4. subsidised elderly housing 1 ........................ 0 
5. mobile homes on individual house lots 1.. ....................... 0 
6. mobile homes in mobile home parks 1 ......................... 0 
7. none of the above-adequate housing is available 1.. ....................... 0 
D. To what extent are groups in your community working together to solve local housing 
needs? 
1. Not at all 
2. A little 
3. some 
4. a lot 












A. To what extent does your physical health limit our involvement in each of the followin ? 
1. doing moderate activities such as 
cleaning your house, pushing a vacuum 
cleaner, moving a table .......................... 
2. doing minor repairs on your house ......... 
3. doing vigorous activities such as lifting 
heavy objects, participating in strenuous 
sports, running ....................................... 
4. lifting or carrying groceries .................... 
5. climbing several flights of stairs ............. 
6. climbing one flight of stairs .................... 
7. bending, kneeling, or stooping ............... 
8. walking more than 1 mile ....................... 
9. walking one-half a mile .......................... 
10. walking 100 yards ................................. 
11. bathing or dressing yourself. .................. 
Limited Limited Not Limited 

































B. During the past 4 weeks, to what extent has your physical health interlered with your 
normal social activities with family, friends, neighbors, or groups? 
1. none of the time 
2. a little of the time 
x77 3. some of the time 
4. most of the time 
5. all of the time 




















1. cancer ............................................................................ . 
2. diabetes .......................................................................... . 
3. heart failure (heart attack or heart trouble) ....................... . 
4. hypertension ................................................................... . 
5. stroke ............................................................................. . 
6. arthritis ........................................................................... . 
7. asthma ............................................................................ . 
8. bone fracture .................................................................. . 
9. cataracts ......................................................................... . 
10. gout. ............................................................................... . 
11. psoriasis ......................................................................... . 
12. ulcer ............................................................................... . 
13. liver problems ................................................................ . 
14. kidney problems ............................................................. . 
15. depression ...................................................................... . 
16. lupus .............................................................................. . 
17. stomach ulcers ................................................................ . 
18. thyroid problems ............................................................ . 
19. other medical condition (specify) ................................... . 
D. In general, would you say your health is: 
1. poor 
2. fair 
x97 3. good 










































v. COMMUNITY ASSESSMENT 
A. Rate your community as a place to live by indicating whether you agree or disagree with 
the following statements: 
Neither 
Strongly Agree or Strongly 
Disagree Disagree Disagree Agree Agree 
x98 1. Ifl feel like just talking, I can 
usually find someone to talk to ....... 
1 2 3 4 5 
x99 2. I can always count on my neighbors 
when I need help 1 2 3 4 5 
xlOO 3. If I had an emergency, even people 
I don't know would help out ........... 
1 2 3 4 5 
xlOl 4. Most everyone in my community is 
allowed to contribute to local 
govern-mental affairs if they want 
to ....................................................... 
1 2 3 4 5 
x102 5. When something needs to get done 
in my community, the whole 
community usually gets behind it ... 
1 2 3 4 5 
x103 6. Community clubs and 
organizations are interested in what 
is best for all residents ..................... 
1 2 3 4 5 
x104 7. Residents in my community are 
receptive to new residents taking 
leadership positions ......................... 
1 2 3 4 5 
x105 8. Local groups and organi-zations 
interact with each other a lot in this 
community ........................................... 1 2 3 4 5 
x106 9. Reading the local weekly 
newspaper is the best way to keep 
in touch with what's happening 
around this community .................... 
1 2 3 4 5 
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B. Please indicate if you feel each of the following severely threatens, somewhat threatens, or 
doesn't threaten the future of your community: 
Don't Doesn't Somewhat 
Know Threaten Threatens 
x107 1. failure of people to work together ............... 1 2 3 
x108 2. indifference about the community ............... 1 2 3 
x109 3. loss of community spirit... ........................... 1 2 3 
xllO 4. lack of leadership ........................................ 1 2 3 
D. During the past year, have you participated in any community improvement project in 
your community such as a volunteer project or fund raising effort? 
1. yes 
x114 2. no 
3. don't know I uncertain 
E. In general, how would you describe your level of involvement in local community groups 
and organizations? 
1. Not at all active 
x115 
2. Not very active 
3. Somewhat active 
4. Very active 
F. About what proportion of the adults living in this community would you say you know by 
name? 
1. none or very few of them 
2. less than half of them 
x116 3. about half of them 
4. most of them 








G. About what proportion of all of your close personal adult friends live in this community? 
1. none or very few of them 
2. less than half of them 
xl 17 3. about half of them 
4. most of them 
5. all of them 
VI. COMMUNITY BACKGROUND 
A. How many years have you lived in this community? 
1. less than 1 year 
2. I to 5 years 
x118 3. 6 to 10 years 
4. 11 to 20 years 
5. more than 20 years 
B. Please list everyone that lives in your household starting with yourself. 
Age Male (M) or 
Relationship (last birthday) Female (F} 
1. x119 x120 x121 
2. x122 x123 x124 
3. x125 x126 x127 
4. x128 x129 xl30 
5. x131 x132 x133 
6. x134 xl35 x136 
C. What is your current marital status? 
1. married or living with a partner 
2. separated 
x137 3. divorced 
4. never married/not living with a partner 
5. widowed 
D. What is your employment status? 
I. employed or self-employed on a full-time basis 
2. employed or self-employed on a part-time basis 
x138 
3. retired homemaker or student, employed/self-employed part-time 
4. retired 
5. full-time homemaker 
6. student 
7. unemployed 
E. What category best describes your gross household income from all sources before 
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deductions last year? 
1. less than $10,000 6. $50,000 to $74,999 
2. $10,000 to $14,999 7. $75,000 to $99,999 
xt39 3. $15,000 to $24,999 
O=missing 4. $25,000 to $34,999 
8. $100,000 to $124,999 
9. $125,000 or more 
5. $35,000 to $49,999 
F. Did any of your household income over the past year come from (check ALL that apply): 
x140 1. wages and salary? chedked 
x141 2. business or farm income? 1 
x142 3. investment income? 1 
x143 4. retirement income? 1 
x144 5. disability income? 1 
x145 6. child support payment? 1 
x146 7. government assistance? 1 
x147 8. other 1 
G. What is your level of education? 
1. less than high school 
2. high school diploma or GED 
x148 3. some college or technical school (less than 4 years) 
4. college degree 
5. graduate or professional degree 
H. Which of these groups best describes you? 
1. White 
2. Black, African American 
3. Hispanic or Spanish origin or descent 
x149 4. Which Hispanic-origin group best describes you? 
5. Indian (American), Aleut, Eskimo 
6. Asian or Pacific Islander (including Asian Indian) 
7. Other (please specify) _____________ _ 
Any comments you would like to share? 
x150 
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